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WHEN THE CALL COMES 
MATHEWS ARE READY! 


There is no need to worry over hydrant- 
failure—that nightmare to many a fire 
department — when you install Mathews 
Modernized Hydrants. Their construction 
is simple and rugged, requiring little 
attention and repair. When a traffic smash 
or other cause makes it necessary, they are 
easily and quickly replaced without 
digging or breaking pavement. Two men 
in 15 minutes cau unscrew the damaged 
barrel containing all the working parts 
and put a new one in its place. Mathews 
Hydrants not only give your community 
more dependable protection, but they 
enable you to cut maintenance costs to the 
bone. Make it a point to include Mathews 
Hydrants in your post-war plan. 


MATHEWS HYDRANTS 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


BSTASLISHED IN 1803 


MANUFACTURERS OF SAND SPUN PIPE camieueeaut 
CAST IN SAND MOLDS) AND &. D. WOOD GATE VALVES 


PUBLISHED MONTHLY AT PRINCE AND LEMON Sts., LANCASTER, PA. 


Entered as second class matter January 23, 1943, at the Post Office at Lancaster, Pa., under the Act of 


August 24, 1912. Accepted for mailing at a special rate of postage provided for in 
section 1103, Act of October 3, 1917; authorized August 6, 1918 


Made in United States of America 


et, 
ae 
4 
Ail 
4 


AMERICAN WATER WORKS 
ASSOCIATION 


4 


SEPTEMBER 1944 


Contents 


Wisconsin's Concept of Water Utility Regulation. By W. F. Whitney 921 
By L. A. Jackson 


By George W. Booth .... 


928 
957 


r Historical Development of the Fire Hydrant. 


Practical Studies of Distribution Systems. 


Fabricated Steel Ring Flanges for Water Pipe Service for Low Pres- 
sures and Low Temperatures. By H. O. Hill, W. W. Lewis and 


State Assistance in Engineering Design and Planning. By Adrian 
Langius 


Postwar Planning. By John M. Hepler 


Postwar Financing in Michigan. By Richard A. Sullivan 


A Study of Water Rates in Michigan. By Louis E. Ayers .......... 


Customer Meter Reading Calendar 


Federal Transportation Tax 


Abstracts of Water Works Literature 


List of Advertisers 


News of the Field 


Officers of the Sections 


All correspondence relating 
Harry E. Jordan, Secretary 
& 500 Fifth Avenue, New York 18, N. Y. 


$7.00 of Members dues are applied as subscription to the Journal 
Additional single copies to members—50 cents 
Single copies to non-members—75 cents 


el. 
to the p 


of papers should be addressed to 


we 

ol. 36 No.9 
_@ 
= = 
at 
> 
966 
968 
987 
989 
991 7 
: 
002 
vi 


@ Even though your present Chlorinator installation produces a 
safe water at the treatment plant, can you be sure that this protec- 
tion is maintained in distribution? 
Many cities are now making plans to increase their safety-insur- 
ance against recontamination at distribution reservoirs, floating 
reservoirs or finished water storage basins. 
Secondary chlorination at the reservoir outflow helps maintain a 
free chlorine residual throughout the distribution mains. W&T 
_ Chlorinators of the automatic-proportioning type, have the wide 
operating range and protection against flow reversal that’s needed 
for this type of service. 
Why not check with W&T engineers on ways and means for 
eliminating this “blank spot” in 100% protection of water supplies? 


“The Only Safe Water is a Sterilized Water” 
SA-171S 
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Wisconsin’s Concept of Water Utility Regulation 


HE policy of regulating private 
economic undertakings through gov- 
| ernmental agencies is as old as “com- 
mon law.”” Common law reflects pub- 
lic opinion, which in turn influences the 
ideals of the period. And public opin- 
ion, in the last analysis, has always in- 
sisted that government protect against 
those forces which threaten life—or 
the means of living. 

During the Middle Ages, the policy 
of regulating all economic undertakings 
was quite general but in modern times 
the policy has been somewhat reversed. 
In any event, competition should largely 
regulate prices and service in modern 
business, except those, such as public 
utilities, which are monopolistic in their 
nature. In the latter cases, public wel- 
fare demands that the government shall 
step in and furnish whatever protection 
may be needed, which protection must 
be adjusted to the nature of the serv- 


A paper presented on June 14, 1944, at the 
Milwaukee Conference by W. F. Whitney, 
Commissioner, Public Service Commission, 
State of Wisconsin, Madison, Wis. 
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ice rendered and to the all-around con- 
ditions under which it operates. The 
power thus vested in the state, under 
our form of government, is the power 
to regulate. This regulation may take 
the form of specific laws only, or it 
may take the form of laws adminis- 
tered by a state commission. 

The Wisconsin Commission was or- 
ganized in 1874 as the Wisconsin Rail- 
road Commission. In 1907 this rail- 
road commission was given jurisdic- 
tion over utilities other than railroads. 
The same year, 1907, the Public Serv- 
ice Commission of New York was es- 
tablished. (Incidentally, the Wiscon- 
sin and New York Commissions are 
the two oldest in the United States hav- 
ing jurisdiction over utilities other dela. 
railroads.) The Wisconsin and New 
York Commissions have 
throughout the United States as models — 
for other states. The Wisconsin Rail-  _ 
road Commission continued to ie 
until 1931, at which time the name was 
to Public Service Commission 


a 

nee 

4 

FOR 

E 10 

WATER 

i 


922 JOURNAL—AMERICAN WATER WORKS ASSOCIATION 


the rights and duties were further en- 
larged and more specifically defined by 
the legislature. 

The Wisconsin over-all concept of 
state regulation is to see that the public 
is given (1) adequate service (2) ata 
reasonable charge (3) without unjust 
discrimination and (4) without preju- 
dice. One of our chief concepts has 
always been, and is now, that municipal 
utilities should be subject to substan- 
tially the same regulation as those pri- 
vately owned. This concept differs 
from that of many other states where 
municipal utilities are not subject to 
regulation. 

In Wisconsin it was recognized in 
the early periods of utility regulation 
that intelligent supervision of municipal 
water utilities could be effective only 
when based on accurate information 
and when administered without preju- 
dice, with a high regard for justice and 
equity. When the commission was first 
established, the legislature apparently 
had in mind that an independent tri- 
bunal, free from local influence and as- 
sisted by a corps of highly trained per- 
sonnel, would be better qualified than 
any city council to regulate municipal 
water systems. The legislature be- 
lieved that (1) central control makes 
for economy ; (2) the cost of a perma- 
nent staff of local experts would be pro- 
hibitive to most municipalities ; (3) the 
commission could and should furnish 
water utilities with advice, but not 
with extended professional services in 
engineering and accounting ; (4) a uni- 
form system of accounts should be es- 
tablished for standardization and for 
comparative purposes. 

The Wisconsin Statute (66.06(11) 
(c)) provides that the income of a 
municipal water utility shall first be 
used to meet all of the general opera- 
tion and maintenance costs and, in ad- 


Vol. % 


dition, such items as depreciation, local 
and school tax equivalents, interest and 
sinking-fund requirements. Any jn. 
come in excess of the sum of all of 
these requirements may be paid into 
the city’s general fund. This particy- 
lar section of the statute permits the 
managers of municipal utilities to oper- 
ate without fear that the utilities’ treas- 
uries will be unduly depleted by paying 
for other costs of local government. 
A special word about the local and 
school tax equivalents, just mentioned, 
as a proper allowance in operating ex- 


penses: These tax equivalents are con-: 


sidered as an operating expense to be 
recovered through water rates for sery- 
ice, and the commission strongly en- 
courages the actual payment in cash of 
these tax equivalents to the general 
fund. While it is true that municipal 
utilities are exempt from a number of 
taxes, such as state and federal income 
taxes and state ad valorem taxes, yet 
it is proper that the utility should pay 
its share of the local and school taxes 
into the city’s treasury, before the cal- 
culation of any amount of income to be 
available to the general fund of a mu- 
nicipality. 

By way of illustrating Wisconsin’s 
method of regulation of the earnings of 
a public water utility, let us assume that 
the utility has a net property value of 
$100,000. The commission permits the 
utility to charge rates sufficient to cover 
all the general operation and mainten- 
ance expenses, including a definite 
amount for depreciation of the prop- 
erty, for local and school taxes, and for 
a reasonable percentage return. If, for 
instance, the local and school tax is 2 
per cent, the commission will allow 
$2,000 as a part of operating expense; 
if 5 per cent is a reasonable rate of re- 
turn, it will allow $5,000. The com- 


mission will also allow for depreciation 
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and for all other proper operation and 
maintenance expenses. The $2,000 tax 
money would be paid into the city’s 
general fund as tax equivalents paid by 
the water utility to the city; likewise 
the $5,000 of fair return would be paid 
into the city’s general fund, provided 
there were no prior demands on it for 
retirement of debt of the water utility 
or for necessary additions to its prop- 
erty. In any event, this $5,000 or 5 per 
cent return is a part of the utility’s 
earned surplus and either is used for 
debt retirement, for property additions 
or is paid to the city in cash. If the 
water utility earned excessive returns 
over this $5,000, such excessive returns 
would likewise be available for the items 
just enumerated and might also inure 
to the benefit of the city. However, 
with proper regulation by the commis- 
sion, the water rates charged to con- 
sumers should be kept at a level where 
such excessive returns would seldom be 
encountered. Water utilities should 
not be allowed to charge a rate that al- 
lows the utility, year in and year out, 
to have excessive surplus funds to turn 
into the city’s general fund. 

The Wisconsin Commission has al- 
ways treated a water utility as one en- 
tity and a city as an entirely different 
entity. It has consistently held that 
records of all transactions between a 
municipal utility and the city itself 
should be separately set up and main- 
tained. These transactions include 
such items as administrative or legal 
services rendered by the municipalities 
to the utility, or water furnished by the 
utility for fire protection and other gen- 
eral municipal uses. Care should be 
taken that all entries and net results be 
kept acurately, precisely, and in a man- 
ner to keep the public fully and fairly 
informed. If a municipally-owned 
water utility is to function on a sound 
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economic basis, this separate water fund 
must be maintained so that checks for 
services can be passed from the utility 
to the city, and vice versa. The com- 
mission has insisted on this separate 
cash account for the municipal utility, 
not with the idea of depriving the mu- 
nicipality of any surplus earnings, but 
to insure that the water utility, as a 
proprietary undertaking, shall be oper- 
ated on a plain, common-sense busi- 
ness basis. 

Much confusion often exists as to 
just what monies should be treated as 
water utility funds and what ones as 
city funds. The commission receives 
many inquiries along this line. A list 
of some of the items involved follows. 
All cash coming into the city treas- 
urer’s hands from the following sources 
should be definitely allocated to the 
water utility: 


1. Water customers’ accounts re- 
ceivable. 

2. Collection of accounts covering 
piping and material sold to customers 
for laying services, etc. 

3. Receipts from servicing custom- 
ers’ installations, thawing frozen serv- 
ices, connecting and disconnecting serv- 
ices, etc. 

4. Receipts from the sale of junked 
and salvaged utility equipment. 

5. Assessments levied for laying 
mains. 

6. Receipts from any general obliga- 
tion outstanding bonds that have been 
issued specifically for water utility pur- 
poses. 

7. Receipts for cash that may have 
been transferred from the general fund 
as a temporary loan to cover heavy con- 
struction expenditures. 

8. Receipts from contributions in aid 
of construction and other special as- 
sessments. 
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9. Receipts from customers’ de- 
posits. 

10. Any receipts from refunds for 
overpayment, for cash discounts, or 
for adjustment of claims. 

11. Interdepartmental transfers. 

12. Rents which the utility receives 
from others for use of water operating 
property. 

13. Income from utility plant leased 
to others. 

14. Interest received on 
owned by the water utility. 

On the other hand, the water utility 
should issue its own checks, against the 
water works cash account, for disburse- 


ments as follows: 


securities 


1. Water utility payrolls. 

2. For city employees performing 
any specific work for the utility. 

3. For invoices covering materials 
purchased. 

4. For invoices covering repair and 
maintenance charges. 

5. For power purchased from private 
utilities. 

6. For power used from any city- 
owned hydro-facilities. 

7. For new construction work, such 
as (a) lands purchased for water utility 
purposes; (b) machinery or equipment 
purchased outright; (c) laying of all 
transmission or distribution water 
mains (including both labor and ma- 
terials). 

8. Maturing interest on general ob- 
ligation bonds issued for water utility 
purposes (the check for this interest 
would be made payable to the city). 

9. For paying any general obligation 
bonds issued for water works purposes 
(checks payable for these bonds would 
be made payable to the city and charged 
to “Advances’’). 

10. For paying interest and_prin- 
- cipal for any mortgage bonds which 
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inay mature and which are a direct lien 
on the water utility property. 

For local and schoc tax equiva- 
lent accruals. 

Good water works management js 
created—it does not just happen. No 
matter how small the water utility, it 
cannot afford not to have good man- 
agement. The experience of the Wis- 
consin Commission, in contact with all 
types of water works management, 
leads to the conclusion that the most 
satisfactory form of top management 
is that of the special Board of Water 
Commissioners provided for under Sec- 
tion 66.6(10), Statutes. The overlap- 
ping terms of the three, five or seven 
members prevent upsets by wholesale 
political appointments and begets de- 
cidedly efficient results. Experience 
proves that cities in Wisconsin have at- 
tracted to the water commissions some 
of the best qualified men of the com- 
munity. About half serve without com- 
pensation other than the satisfaction of 
a job well done. Others receive only 
nominal pay. 

The water board is an active body— 
a board of directors, so to speak. The 
authority of the board is limited to op- 
erating and maintaining the utility, but 
the commission emphasizes that in so 
doing the board should weigh studi- 
ously the proper relationship between 
the water utility on the one hand and 
the city on the other—a relationship 
which should be on the same business 
basis as between the water utility and 
its private water consumers. The 
utility should not receive any special 
considerations from the municipality 
which it would not receive from a 
general creditor; neither should the 
city receive special privileges from the 
water utility to which private cus 
tomers would not be entitled. 

For example, the board should keep 
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constant vigilance to insure that the 
city pays a reasonable amount for fire 
protection service; for service sup- 
plied to each city building; for water 
ysed in flushing sewers and streets; 
water used in public drinking foun- 
tains, schools, parks, cemeteries, etc. ; 
for filling city swimming pools; flood- 
ing skating rinks, and so on. On the 
other hand, the city should likewise be 
vigilant to see that the utility pays the 
city an allowance for local and school 
tax equivalents; for rental space used 
for offices in the city hall; for garage 
space occupied in city buildings; for 
part of the city clerk’s and city treas- 
urer’s salaries; for work done by the 
city engineer or city attorney if such 
work is performed for the water utility, 
etc. As stated before, the Public Serv- 
ice Commission endeavors to see that 


cities pay the water utilities for all” 


services rendered, and on the other 
hand, to see that a water utility pays 
the city all sums justly due. The com- 
mission endeavors to prevent cities 
from siphoning off city water funds, 
and to prevent water utilities from not 
paying their just indebtedness to the 
city. 


Long Tenure 


The proper functioning of a board 
of water commissioners varies di- 
rectly with the caliber of its superin- 
tendent. With but few exceptions, 
those water utilities operated by non- 
partisan boards have been successful in 
securing capable superintendents and 
holding them for long tenure in office. 
In the 30 largest cities in Wisconsin 
only six changes in water superintend- 
ents have been made in over 10 yr. 
And of these six changes, four were 
due to death, one due to ill health, and 
one due to retirement on a pension. 
These long tenures of office by water 
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superintendents result in a full under- 
standing of future requirements, in the 
development of sound construction pro- 
grams and in real fraternal feelings be- 
tween water utilities in our different 
municipalities. Several Wisconsin wa- 
ter superintendents have attributed 
their long tenure of successful manage- 
ment, in part at least, to the positive 
aid and active co-operation of the Wis- 
consin Commission and its staff. In 
my opinion, the key to the tenure of 
service of Wisconsin superintendents is 
(1) an efficient setup of municipal wa- 
ter utility regulatory laws, (2) im- 
partial application of these laws, (3) 
the high caliber of our Wisconsin 
Boards of Water Commissioners, and 
(4) the permeating spirit of co-opera- 
tion between cities, boards of water 
commissioners, superintendents, and 
the Public Service Commission. 


Water Bills and Taxes yo 


Another Wisconsin concept is to 
make each class of service contribute 
as nearly as possible to the cost of 
rendering that particular service. For 
example, when a substantial part of 
water utility property is devoted to 
fire protection service for the city (a 
service that is a very material benefit 
to the city as a unit), then the substan- 
tial costs of furnishing this fire protec- 
tion should be paid from the city’s gen- 
eral funds. 

Still another outstanding Wisconsin 
concept is the statutory provision that 
a delinquent water bill (1) shall be- 
come a lien upon the property to which 
the water was supplied and (2) shall 
be placed upon the tax roll. This pro- 
vision puts a delinquent water bill on 
a par with tax assessments and ahead 
of a first mortgage. The result is an 
extremely low percentage of customers’ 
delinquent bills—there are practically 
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no uncollected water accounts if the 
lien provision is enforced. 

A few words as to the extension of 
water utility facilities. Experience has 
shown that often, through city council 
action, many miles of expensive water 
mains have been installed to serve a 
few small customers, or one large cus- 
tomer, at a cost out of all proportion 
to the benefit to be derived from such 
extension. Unfortunately, such action 
is taken by the common council be- 
cause of the political prestige of some 
real estate promoter or owner of a 
large plant. This type of over-build- 
ing has been almost entirely eliminated 
in Wisconsin by the adoption of a 
statute providing that water mains be 
assessed. This Wisconsin law, which 
has been in effect over 30 yr., pro- 
vides that owners of abutting property 
be assessed for water main extensions 
in an amount not to exceed one-half of 
the cost of a 6-in. main. Under ordi- 
nary circumstances a 6-in. main costs 
approximately $2.00 per ft., so that the 
normal water main assessment is in the 
vicinity of $1.00 per ft., as the prop- 
erty owners on both sides of the street 
are assessed. In Madison, water mains 
have been assessed since 1913. Dur- 
ing that period, the total cost of the 
mains installed was slightly over $1,- 
000,000, involving nearly 100 mi. of 
mains; 30 per cent of this amount was 
assessed against the property, and the 
utility bore the other 70 per cent. The 
large portion borne by the utility is 
due to the fact that mains larger than 
6 in. were pretty generally installed 
and feeder mains, duplicating the ex- 
isting mains, were entirely paid for by 
the utility because the assessment for 
mains is on a benefit basis and the 
larger size main is not of direct bene- 
fit as far as the domestic user is con- 


The 1933 order No. 2-U-637 pre. 
vents over-building of any type by pro. 
viding that a utility must obtain a cer. 
tificate of authorization for extensions 
If the commission finds that such ex. 
tensions will result in over-building 
and therefore are economically yp. 
sound, or that they will be too great 
a burden on the other water users, the 
application for certificate is denied 
The commission has had to deny very 
few such applications. In fact, in the 
three years prior to Pearl Harbor, jt 
approved many extensions, new wells 
reservoirs, pumps, pump houses and 
water purification systems. It has also 
approved some twenty-odd complete 
new water works systems. q 


Water Utility Regulation 


Another fine feature of the Wiscon- 
sin law provides that any group of 25 
citizens can file a complaint objecting 
to a utility’s water service or its high 
rates; in addition, the commission, on 
its own motion, is authorized to make 
any inquiry having to do with water 
utility regulation in general. Commis- 
sion order U-1288 sets up certain 
definite standards of water service 
throughout the state, covering such 
items as quality of the water, protec- 
tion from pollution, flushing, pressure, 
fire protection service, meter accuracy 
and testing, construction records, ete. 

A final important phase of Wiscon- 
sin’s concept of regulation is the com 
mission’s aggressive effort to see that 
water utilities install a sufficient num 
ber of station meters to allow the utility 
to ascertain the actual water pumped 
filtered and delivered to distribution 
systems. Water utilities are urged to 
meter not only the individual cus 
tomer consumption, but also very def: 
nitely to meter the city consumption 
It is regrettable that some of the 
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smaller water utilities are still guess- 
ing as to the amount of their produc- 
tion and sale, and are able to account 
for only a small part of the indicated 
pumpages ; but, in general, the great 

majority of Wisconsin plants operate 
very efficiently. In the 30 largest 
cities, 83 per cent of all water leaving 
the pumping stations passes through 
permanently set meters; of the un- 
metered remainder, about 9 per cent is 
used directly through hydrants in 
flushing, street cleaning, public con- 
struction and fire department uses; 
while only about 8 per cent is unac- 
counted for. Wisconsin’s water utili- 
ties recognize the efficiency and econ- 
omy of aiming toward a 100 per cent 
meter use—it’s just plain good busi- 
ness. 

It is particularly pleasant to state 
honestly and candidly that despite oc- 
casional difficulties in connection with 
service, accounting methods, metering, 
tc., there has been .a remarkable ab- 


sence of complaints regarding the gen- 
eral operation of our municipal water 
utilities, or the inability of a customer 
to secure the service that he desires. 
This evidences a fine grade of work 
by the municipal utilities, by superin- 
tendents, and by the boards of water 
commissioners; and demonstrates a 
high degree of tact in public relations. 
The water utilities in Wisconsin are 
willing to and do meet the commission 
more than half way. 

This golden rule attitude creates 
prestige for municipal water utilities, 
reflects credit upon the regulatory 
body, and results in distinct advantages 
to individual water users in the state. 
The Biblical adage, “As ye sow, so 
shall ye also reap,” summarizes and 
exemplifies completely the unfaltering 
‘Wisconsin Concept of Water Utility 
Regulation.” As a consequence, the 
Wisconsin Commission and the state’s 
utilities have benefited definitely both 


as “sowers” and as “reapers.” 


ORGANIZATION CHANGES IN WATER DIVISION 


Effective August 18, 1944, the following appointments were made in 


the staff of the Water Division, Office of War Utilities: 


The other administrative appointments remain the same and are: 


Arthur E. Gorman, Director of Water Division 
_ Daniel V. McCarthy, Assistant to Director 
Newton B. _ Deputy Chief, Materials Distribution Section 


_ Harvey S. Howe, Deputy Director of Water Division 
Walter L. Leach, Chief, Materials Distribution Section 


Fred H. Weed, Chief, Water Supply Section oe. 7 
Brent S. Drane, Deputy Chief, Water Supply Section - 
John R. Tanner, Regional Engineer, Region IV et 
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HE fire hydrant is of relatively re- 

cent origin, having been developed 
within the past 150 yr. This fact may 
seem strange since fire has always been 
regarded as the greatest destructive 
agent known, and methods to combat 
fire have been practiced by mankind 
throughout the ages. There are, how- 
ever, numerous and important factors 
that account for this seemingly slow 
development, and an effort will be 
made to trace some of the historical 
events leading up to present-day fire- 
fighting and hydrant methods. 

The history divides itself into three 
parts: (1) the period prior to the fire 
hydrant; (2) the history of the hy- 
drant practice in England, for it was 
in England that the insurance com. 
panies first developed organization and 
methods to combat fire; (3) the his- 
tory of fire hydrant progress in this 
country. 

In the beginning, hand appliances 
and manual labor were chiefly relied 
upon to extinguish fire. The early 
man on discovering a fire acted as we 
would act today. He used hand ap- 
pliances and these same methods are 
just as effective and important now 


A contribution by L. A. Jackson, Manager, 


Little Rock eennee Water Works, Little 


Historical Development of the Fire Hydrant 


By L. A. Jackson 


when it is remembered that all fires 
are small at the beginning. When 
action is prompt the fire may be con- 
trolled. The barrel and bucket sup. 
ply continues to serve a useful purpose 
in industrial plants, army cantonments 
and all isolated structures. 

Water thrown by hand from a 
pitcher or bucket had serious limita- 
tions and the first progressive step to 
improve the effectiveness of the stream 


Fic. 1. Drawing of Syringe, an Early 
Form of Hand Fire Appliance, Described in 
the Writings of Heron of een Be- 
fore the Christian Fra. 
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FIRE HYDRANT 


Fig, 2. Roman Matrieuloeii “Bucket Brigade” With Fire Fighting Appliances—Hooked 


Knives, Siphos, 


was the development of the syringe de- 
scribed by Heron of Alexandria, a 
Greek mathematician, before the begin- 
ning of the Christian Era (Fig. 1). 
This instrument could well be termed 
the first fire extinguisher. It was a 
simple device consisting of one cylin- 
drical tube fitted snugly into another 
cylindrical tube. By sliding the inner 
cylinder out, a vacuum is formed and 
water enters the outer cylinder through 
a jet at one end. When the chamber 
is full, the water is ejected from the 
nozzle by reversing the motion of the 
inner cylinder. 

The Romans called this type of in- 
strument a “sipho” (Fig. 2). Pliny 
the Roman writer (first century), and 
Apollodorus, Greek architect (second 
century ), mentions the use of syringes, 
siphos, buckets, engines and machines 
\o extinguish fire. Early writings re- 
cord that after a serious fire in Rome, 


‘ 


Suckets and Axe. 


an edict was issued requiring every — 
citizen to keep in his house a “machine” | 
to extinguish fire. The influence of the — 


Roman occupation of England in the 


early centuries is noted by the simi-— 


larity of the London “squirt” (Fig. 3) 
to the Roman sipho. Both the “squirt” 
and “sipho” were developed and _ pat- 
terned after the syringe of Heron. 

It is apparent and only natural that 
the early thinkers attempted to increase 
the range and effectiveness of the water 
stream. This is evident in the writ- 
ings of Apollodorus who relates a 


method to force water to the upper — 


story of a house. He suggests a 


leather bag of water with connecting > 


pipes to the upper part of the building, 
and by squeezing the bag force water 


to discharge from the ends of the pipe. | 


This crude arrangement could well be 
termed the first sprinkler system. 
Even after the introduction 


and use 


- 


930 


of pumps, methods were devised to 
reach the seat of the fire more effec- 
tively. One of these inventions (1723) 
was a water bomb which exploded 
when thrown into a burning building 
spreading the water over the fire. 


Methods of Water Distribution 


Probably the greatest influences in 
the development of the fire hydrant 
were the methods used to distribute 
water. The early water systems trans- 
ported water under low head, and it 
was not until late in the eighteenth cen- 
tury that street mains were constantly 
and sufficiently charged. 

Low service under very moderate 
pressure or without residual pressure 
at the point of use, is still practiced in 
many countries. Under the low serv- 
ice method of distribution, fountains, 
reservoirs, cisterns and public baths 
furnished water requirements. 

As pipe materials and jointing meth- 
ods improved, pressures were increased 
and the method of distributing water 
was changed from low service to pres- 
sure service. At first, pressure service 
Was intermittent in character and was 
so practiced on the Continent and in 
England. Under this arrangement, 
water service was only available at in- 
tervals, was entirely unsatisfactory and 
soon gave way to constant high-pres- 
sure distribution. 


Pumps 


The use of pumping equipment had 
a considerable influence on the develop- 
ment of the hydrant. The hydraulic 
theory of pumping water was known 
before the Christian Era. History re- 
lates that pumps were used by the early 
Greeks and Egyptians for military, ir- 
rigation and other purposes. There 


does not seem to be any early reference 
where pumps were used for fire fight- 
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ing unless the “machines” or “ep. 
gines” mentioned in Roman writings 
of the first century referred to pumps, 

History records that pumps were 
used in the sixteenth century in cities 
on the continent and in London. The 
earliest pumps were patterned after the 
syringe (Fig. 4). Manual effort was 


Fic. 3. 


London Squirt, England, Seven- 
teenth Century. 


required to fill the pump cylinder and 
eject the stream and the flow was not 
continuous. It is interesting to note 
from the illustration that women as- 
sisted, and even as this is written 
women again are engaged in combat- 
ing fire in war-torn Europe. The 
machine cylinder had a capacity of ap- 
proximately a barrel of water and the 
entire carriage had to be maneuvered 
into position to direct the stream in the 
absence of a play pipe on the discharge. 
“Water syringes” of a similar type 
were used in the city of Augsburg 
about the year 1518. On later models 
the pumps were equipped with valves, 
the cylinder was placed in the water 
compartment, and the piston was oper 
ated by hand or foot levers, and the 
water was discharged through a flex- 
ible pipe (Figs. 5, 6, 7). 

The illustrations serve to denote 
pump progress. These engines are 
operated by lever action and have play 
pipes for directing the stream. A jet 
40 ft. high was claimed for one er 
gine (Fig. 5), and a jet 165 ft. in 
height was claimed for another engine 
(Fig. 6). It was said of Newsham’s 
engine that the inventor contributed 
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buted 5. German Fire Engine Described by DeCaus (1615). pul 
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TT Fic. 6. Newsham’s Engine at the Cornhill Fire March 25, 1748. 
more to his country than he would have Most of the factors thus far mep- 
had he added a new province to the tioned that have influenced fire hy- 
British Empire. In Fig. 6 it is inter- drant practice and design have been of 


esting to observe that the man is filling 
a bucket from a water hole in the 
street. This water probably comes 
from a wooden water main in which a 
-hole has been bored. 

Other pump improvements followed. 
These included the air chamber (1656), 
a device designed to furnish an un- 
broken stream, and the pump suction 
(1698), an improvement that elimi- 
nated manual feeding of the pump 
chamber. In this same period Jan 
Van Der Heijden, a Dutch engineer. 
and fire chief of Amsterdam, devel- 
oped leather hose and put it to practi- 
cal use as suction and delivery pipes 
for fire engines. 

Steam fire engines first made their 
appearance in the 1820's, but it was not 
until the latter half of the nineteenth 
century that they came into general 
use. Insufficient water distribution 
facilities may have been in part respon- 
sible for the slow progress of power- 
driven pumps. The use of power- 
driven engines was responsible in a 
large degree for improvement in hy- 
drant construction. 


a mechanical or physical nature. The 
great fire that destroyed a large por- 
tion of London in 1666 and the sub- 
sequent formation of insurance com 
panies soon afterwards, were two 
events that had a forceful influence on 
fire-fighting equipment and _fire-fight- 
ing methods. 


Influence of Fire Insurance Com- 
panies 


After the London fire an effort y 
made to provide buckets, squirts, lad 
ders, etc., and provide men for volun 
tary brigades in each of four section 
of the city. Communication was diffi 
cult, training was poor, community 1 
terest waned and fire brigade made lit 
tle or no progress. 

The public seemed more interest 
in recompense for fire losses and i 
strong insurance companies rather than 
in organization and facilities to protedt 
property reduce fire losses 
About 1700 the insurance societies tos 
over, at their own expense, the prob 
lem of fire protection, and formed 
brigades, which operated for the bene: 
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fit of the stockholders and the policy- 
holder, rather than for the protection 
of the public at large. Competition 
was encouraged among these com- 
pany-supported brigades with the re- 
suit that their work was effective— 
fre losses were decreased and the 
enterprise proved profitable to the 
insurance companies. Plates called 
“Fire- Marks” can still be observed on 
old buildings, a sign signifying to the 
brigade that the building was insured 
and entitled to protection. 

This scheme of independently oper- 
ated brigades supported by each insur- 
ance office continued in London until 
1832. In 1833 ten companies grouped 
their facilities and formed the first 
London Fire Establishment. Approxi- 
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mately 30 insurance companies con- 
tributed by the year 1866, when the 
personnel and appliances of the estab- 
lishment were taken over by the Metro- 
politan Board of Works, and the new 
organization was called the Metropoli- 
tan Fire Brigade. 


Development of the Fire Hydrant 
in England 


History records that spring water 
was first brought into London through 
lead pipes and conduits in the thir- 
teenth century. Between the years 
1606 and 1620 many pipes were laid 
in the London area. These pipelines 
were made by boring out wooden logs, 
a method known and used for many 
centuries. This type of pipe material 
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Fic. 7. Newsham’s Engine From Grantham 1792. Picture by eo) ia 
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and the method of joining pipe sec- 
tions together would not permit very 
high pressures. As a result, low-pres- 
sure service was practiced on these 
early systems and the practice contin- 
ued until the nineteenth century. 
Prior to the great fire of London in 
1666, regulations required a barrelful 


to insufficient water in the 
mains. 

The first effort to obtain water di- 
rect from the street main for fire pur- 
poses was very crude. First a hole was 
dug in the street and the water main 
located; then a hole was bored in the 
wooden main and the water was col- 


street 


Lol Sores 
Log 


Fic. 8. Street Excavation and Wooden Water Main With “Fire Plug” in Place. 


of water at the entrance of each build- 


ing. This meagre supply was most 


likely supplemented by cisterns and 
reservoirs. 


Other steps were taken to reduce 
fire losses. History relates that about 


the year 1195 a law was enacted re- 
quiring “party walls” between resi- 
_ dences to prevent spread of fire and 
again during the reign of Queen Anne 


(1702-1714) reference is made in an 


Act of Parliament to “party walls” and 


lected from the street hole either by 
bucket or suction hose and fed into 
the pump. After the fire was extin- 
guished, a wooden plug was driven 
into the hole and the street surface was 
restored (Fig. 8). 

The use of a wooden plug in this 
manner was the origin of the phrase 
“fire plug” a term still commonly used 
today. The letters “F P” are still 
widely used to mark the location of 
“fire hydrants.” The word hydrant 
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derived from hydro (Greek: hudor, 
water) probably originated in the 
United States. 

Trouble was experienced with this 
method in that dirt fouled the pump 
valves, streets were badly washed and, 
with the advent of street pavement, ex- 
cavating the holes became more diffi- 


cult. 
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plugs were inserted in these openings 
and a metal or wooden shield for the 
wooden plug extended from the main 
to the street surface (Fig. 9). The 
shield housing the plug prevented the 
soil under the street surface from be- 
ing washed away. 

To prevent excessive waste of water 
and also provide a more constant flow 


Fic. 9. “Fire Plug” in Cast-Iron Socket and Water Flowing to Street Surface After “Pull- 
ing the Plug.” 


The next improvement of “fire plug” 
design followed the introduction of 
cast-iron pipe. Although cast iron had 
been used for water pipes in France 
since the year 1664 it did not come into 
general use for water mains until the 
beginning of the nineteenth century. 
With the increased use of cast iron, 
sockets or branch fittings with open- 
ings were placed at intervals in the 
water mains. A later law (1847) pre- 
scribed that these fire plug sockets be 
inserted in the water mains at inter- 
vals not to exceed 300 ft. Wooden 


to the pump suction the next develop- 


ment was the use of the canvas cistern _ 


in the year 1820 (Figs. 10 and 11). 
Some of the early practices are still in 
use. The canvas cistern arrangement | 
is sometimes used when the location - 
of the fire is at great distance from the © 
hydrant. More recently, the canvas — 
cistern has provided a source of water | 
supply for combat troops in the field. | 
With the increased use of cast iron — 
distribution pressures were stepped up, 


and this led to the development of the _ 


standpipe with a tapered end for in-— 
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Fic. 10. Fire Pluz Arrangement With 
Canvas Cistern. 


Fic. 11. Circul 
by Tripod. 


Jam Supported 


sertion directly into the main and, at 
the opposite end, a hose connection 
outlet (Fig. 12). The brigades soon 
discarded the canvas dams, preferring 
to connect the hose to the standpipe in 
order to utilize the main pressure. 

It was soon realized that the “plug 
type” of hydrant had definite limita- 
tions, and was practically useless under 
conditions of high pressure. The 
pulling of the plug and the insertion of 
the tapered standpipe against good 
pressure was sometimes a difficult and 
always a wet task. This fact led to 
the use of a controlling valve or cock. 

In Hamburg, Germany, a connection 
was made to the side of the main and a 


stop cock inserted which was operate 
by a vertical rod from the street. The 
hydrant tube curved up to the stree 
level where it terminated with one 9 
more hose connections. 

In England, the hydrant (fire cock) 
was connected to a vertical branch from 
the main or to an elbow attached to the 
‘main, and the whole arrangement called 
a ball hydrant (Fig. 13). The pie. 
ture reproduced from an 1876 catal 
of Guest & Chrimes, Ltd., Rotherham, 
England, illustrates the ball hydrant 
patented by Messrs. Bateman and 
Moore about the year 1849. The fol. 
lowing description is quoted from the 
catalog : 

The Patent Fire Cocks were introduced as 
substitute for the inefficient Wood Plug a 


that time in general use. Since the intro- 
duction of these Fire Cocks in 1849, upwards 
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of 150,000 have been supplied, and are now 
in use in many of the principal Towns in 
the Kingdom, and abroad. Under constant 
high pressure they supersede the necessity 
for Fire Engines, as in cases of fire they can 
be brought into almost instant operation, 
with the most perfect ease and efficiency, 
and without any waste of water... . 

The Fire Cock consists of a Cast Iron 
Box or Casing, containing a Self-acting 
Valve, closed by the pressure of the water. 
For Street purposes this casing is attached 
to a vertical branch, from the Water Main, 
or by an elbow pipe attached to the end of 
the Main, and when not in use the outlet of 
the Valve is closed by a loose cover or 
stopper, and the whole protected from in- 
jury by a Cast Iron Case similar to the 
ordinary cases or covers for protecting Street 
Cocks or Fire Plugs. 


A serious objection to the ball type 
of hydrant is the fact that when pres- 
sure is taken off the main the ball drops 
from its seat allowing dirt to enter the 
main from the hydrant box. When 


pressure is re-established the water ['ic. 13. 
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Ball Hydrant, Patented About 


4 


1849. 


MOORE'S AND. CHRIMES’ 

= 

~i| 

Pe! © 

4 

ees 

a 

: 

Fic, 2748 Fic. 2749 
Int 


938 WATER WORKS ASSOCIATION Vol. Se 


The ball hydrants are more common 
in the northern countries but are grad. | wa! 
ually being replaced in the interest of } ard 
national standardization. The sluice } aut 
valve hydrant consisting simply of an } the 
ordinary valve and a cast-iron hydrant } (Fi 
bend is largely used in the London 7 
area. The screw-down hydrant has } tiot 
the valve and outlet combined in one | tiot 
compact unit, is designed for high dis- | shi 
charge and is very popular throughout | use 
the country. With the exception of | bay 
the ball type the hydrants above listed | dat 
are defined in British Standard Speci- | C. 
fication (No. 750-1937) for Under. | gin 
ground Fire Hydrants and Dimensions } tha’ 
of Surface Box Openings. dice 

The use of two types of hydrant } abl 
outlets, bayonet type and threaded type | hyd 


Fic. 15. Ball Hydrants. De 
Cl Cap i 
may be contaminated. To overcome 3 
the possibility of water contamination 
a device known as a conversion ele- ye 
ment is fitted into the hydrant tube in vt 
place of-the ball (Fig. 14). This ele- 
ment consists of a brass dome fitted 
in a guide and held upward against the 
seat by a strong spring. 
Location of the hydrant below the 
_ ground surface (flush type) and the 
_ transporting of the standpipe or nozzle 
_ section is the current practice in Eng- ein 
land. The type of valve and the © 
method of attaching the standpipe var- _ 
ies depending on the manufacturer 
the custom of the locality. 
The hydrants now in general use in 
England are: 
1—Ball hydrants (Fig. 15): 
2—Sluice valve hydrants (Figs. 17, 
18, 19, 20). 
3—Screw-down hydrants, stream- 
line pattern (Fig. 16). : = 
4—Screw-down hydrants, ordinary 16. British Standard Fire Hydrant, 
pattern (Fig. 17). Screw-Down Streamline Pattern, Type 2. Fr 
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have apparently led to difficulties under 
wartime conditions. National stand- 
ardization is now recommended by the 
authorities and the specifications favor 
the screwed outlet with round thread 
(Fig. 21). 

To some British engineers, the adop- 
tion of the threaded outlet as a na- 
tional specification will work a hard- 
ship and financial burden on the many 
users of the ball hydrant with the 
bayonet type connection. In a letter 
dated January 17, 1944, Mr. Arnold 
C. Wildsmith, Northern District En- 
gineer, Manchester, England, stated 
that the matter is not settled, but in- 
dicated that all authorities will prob- 
ably be required to standardize the 
hydrant outlet connection. 


Development of the Fire Hydrant 
in the United States 


Soon after this country was settled, 
the construction of public water sup- 
plies was begun. Some of the early 
systems with approximate dates are as 
follows : Boston, 1652; Bethlehem, Pa., 


3in BS Flange 


British Standard Fire Hydrant, 


Fic. 17. 


Screw-down Ordinary Pattern, Type 3. pal Sluice Valve Pattern, 
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Fic. 18. Sluice Valve Type Hydrant 


Surface Box. 


1761; Providence, R.I., 1772; Mor- _ 
riston, N.J., 1791; Plymouth, Mass., | 
and Philadelphia, Pa., 1797. By the 
year 1800 there were fewer than 20 — 
water works in the United States. 

The early fire brigades were prob-— 
ably patterned after the British in that — 
they were supported by private in-— 
surance companies, or were voluntary _ 
community groups. Cities of the 
United States, however, were quick to — 
recognize that fire protection was an _ 
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important branch of municipal work 
and early in the nineteenth century 
cities began to take over fire-fighting 
service. 


Use of Cisterns 


Underground cisterns were  pri- 
marily used as a water source on these 
early systems, and in many cities re- 
mained popular after the introduction 
of the hydrant. In the beginning these 
reservoirs were either supplied by 
rain water, or were kept full by manual 
pumping. With the installation of 
street mains direct connections were 
made to service these cisterns and 
their use continued as a supplement to 
hydrant service. 

Statistical reports from various cities 
will convey a better understanding of 
the respective use of cisterns and hy- 
drants. 

The first mention of hydrants ap- 
pears in a Philadelphia report of 1801. 
The following quotation is taken from 
the 1801 report to the Select and Com- 
mon Council by the Committee for 
the introduction of wholesome water 
into Philadelphia. 


The plan of hydrants that were first used 
has been wholly rejected and another, which 


Sluice Valve Type Hydrant With 


Two Outlets. 


Fic. 21. Replaceable Round Threaded Out- 
let, British Standard Specifications. 


answers better, substituted. Of the latter 
thirty-seven (37) are now fixed in different 
parts of the City, and six (6) more are in 
readiness for the same use. 

It is assumed “the plan of hydrants” 
that were formerly used and “rejected” 
were of the common plug type. By 
the year 1811 Philadelphia claimed 230 
wooden hydrant pumps (Fig. 22) and 
185 tire hydrants. 


I 2?) Wooden H nt Pump, Fair- 
mount Park, Philadelphia. 
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Fic. 23. Common Plug, Upper Left; First Fire Hydrant, Philadelphia 1801-1803, 
Top Center; Improved Philadelphia Hydrant of 1803, Lower Center; Designed by Frede- 
rick Graff. 


ol. 3, HISTORICAL DEVELOPMENT OF FIRE HYDRANT 941 

ants 
cted 

By 

and 

Fair- 


942 JOURNAL—AMERICAN WATER WORKS ASSOCIATION Vol, % 


Cisterns were used in New York 
City and were generally of 100 hogs- 
head capacity (6,300 gal.). Fire plugs 
were mentioned as used in the city as 
early as 1807 but these were most 
likely “plugs” and not hydrants. It is 
related that the first fire hydrant in 
New York was installed in 1817 in 
front of the dwelling of Mr. George B. 
Smith of Engine Company No. 12 on 
Frankfort Street. 

In 1854 Detroit reports 65 street 
reservoirs in addition to hydrants; and 
in 1864, reports 249 hydrants, and 127 
cisterns. The cisterns were connected 
to water mains by 3-in. lines but some 
were increased to 4 in. due to in- 
sufficiency of supply, as explained in 
the report: 


Fic. 24. Fire Hydrant, Richmond, Virginia, 


1830, 


Since the introduction of steam fire engine 
into the city, complaints have been made ¢ 
the insufficiency of the supply of water § 
the street reservoirs in some localities; thy 
may be remedied by introducing an add. 
tional stream into them. 
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Fic. 25. Four-Way Flush Type Hydrant§ wa. 
Probably Used in a Number of Eastem§ of | 
Cities. Make and Date Unknown. Is I 
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Fic. 26. Section of Fire Plug, Philadelphia (Jan. 15, 1854), When Frederick Graff 
ydrant was Superintendent of Fairmount Water Works. Similar to the Philadelphia Hydrant | 
caste of 1806, Except That It Has a Hydrant Bend From the Branch Main, Into Which Its Base - 
Is Leaded and Held by a a Collar and Lugs, and the Frost Rod Is Worked = the : a 
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Fic. 27. Type of Hydrant Valve Recom- 
mended by Samuel McElroy in 1865. 


In 1861 Louisville reports no fire 
hydrants and 124 street cisterns. The 
following extract from the Louisville 
report of 1861 is interesting : 


One hundred of the street cisterns for the 
Fire Department are connected with the 
water pipes. No fire plugs are in use, their 
efficacy for supplying steam fire engines with 
water has heretofore been regarded as doubt- 
ful. In some of the Eastern cities they are, 
however, used in addition to street cisterns 
and regarded as equally efficacious, and much 
more economical in construction and the use 
of water.... 


In 1864 Boston reports 1530 hy- 
drants and 96 cisterns with 15 of the 
cisterns connected to water mains. 

Philadelphia, in 1865, reports over 
3,000 hydrants of the post type in the 
city. Philadelphia apparently strongly 
favored hydrants over cistern service. 

For a final example, the history of 


Little Rock, Ark., is given. Records 
indicate that in 1837 soon after the 
city became incorporated, the city 


council passed an ordinance calling 
for the construction of public cisterns. 
These were located at most street in- 
tersections in the area that is now the 
principal mercantile district. Great 
care was taken to protect these sup- 
plies for the purpose intended since the 
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law stated: “It shall be 


% 


public reservoir or cistern of the city 


Voll. 3% 


unlawful fo, 
any person or persons to take even by 
bucket or pipe any water from am 


used for the extinguishment of fires.” 

Cisterns had many disadvantages ip. 
cluding high first cost, inflexibility dye 
to wide spacing, limited capacity, ex. 


cessive water losses due to leakage}; 
dissipation of available system pressure| ; 


and the total elimination of direc 
streams, a preliminary service very ef. 
fective in the extinguishment of many 
fires. Cistern service made it neces. 
sary to depend entirely on engine 
streams, a fact that increased the popu. 
larity of hydrant and hose service 
Therefore, with the improvements ip 
distribution practice, including high 
pressures, supply pipes of larger diam. 
eter, and the production of more sturdy 
and reliable hydrants, cisterns were 
gradually replaced. 

It is interesting to observe that under 
wartime conditions and air raids, cis- 
terns have again been resorted to for 
emergency and reserve supplies. 
quite probable also that the cities of 
the future will include underground or 
surface storage supplies to augment hy- 
drant service under extraordinary con- 
ditions. 


Distribution Practice 


It has been previously emphasized 
that fire hydrant development wa 
largely dependent on methods of dis 
tribution. Many of the early systems 
were insufficient in pressure and c 
pacities to accommodate present fir 
hydrant service methods. The de 
ficiencies of those early water systems 
were recognized first by owners @ 
factories and high business buildings 
where system pressures were inade 
quate for fire protection. Pumps wert 
installed on these individual premuses 
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and the benefits were so apparent that 
it was not very long before high pres- 
sures were extended to entire water 
works systems. 


Fire Hydrants 


It may be said that United States 
ied the way in adopting pressure serv- 
ice, and also in the development of the 
fxed-post type fire hydrant with con- 
trol valve constantly charged with 
pressure. 

The first post type hydrant in the 
United States was designed by Mr. 
Frederick Graff, Chief Engineer of the 
Philadelphia Water Works and was 
ysed in Philadelphia about the year 
1801. (Fig. 23, top center.) It had 
a combination hose and faucet outlet, 
and was a “wet barrel” design with 
the valve in the top. <A report dated 
December 6, 1802, relates that the first 
order for cast-iron hydrants was made 
to Foxall & Richards, a firm that for- 
merly had cast cannons during the 
American Revolution, and had later 
turned to more practical lines of iron 
manufacture. 

It is certainly not surprising to learn 
that the “wet barrel” design gave trou- 
ble. The difficulties are recorded in a 
report dated November 1, 1803: 


An alteration and, in the opinion of the 
Committee, an improvement has this session 
been adopted in the mode of furnishing the 
common supply. The hydrants though a 
very good invention for obtaining a supply 
of water, either in small or large quantities, 
have nevertheless been found liable to several 
objections. The easy access to them by boys 
and mischievous persons renders them dif- 
ficult to be kept in repair; much attention is 
necessary to keep them free from frost in 
winter ; and they necessarily produce a great 
waste of water, which in the winter season 
creates such quantities of ice around them as 
to make it sometimes dangerous to pass by 
them. 


DEVELOPMENT 


4 


OF FIRE HYDRANT 


Fic. 28. Horobin Fire Hydrant. Manu 
factured by Horbin Machine Works, Cohoes, | 
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An unproved hydrant with the valve 
at the base and facilities to drain the 
barrel was next introduced by Mr. 
Graff in October, 1803. (Fig. 23, 
Lower center.) The engraving was 
published October 1, 1817, by order 
of the Water Committee for the use of 
Hose and Engine Companies. These 
first hydrants, the forerunner of the 
modern post hydrant, were inserted 
by a tapering joint into the wooden 


Early New York City Hydrants; 
Right and Left, A B & C or Ayers, Manu- 
factured by John McLean, New York. 


Fic. 29. 


main and were sometimes carried by 
the brigades, English fashion. With 
the introduction of cast-iron water 
mains, sockets or branch fittings were 
inserted in the line at intervals and 
permanently connected hydrants of the 
flush type became more popular. 

The hydrants that followed differed 
in detail, depending on the manufac- 
turer, but for the purpose of a general 
description the hydrant and installation 
included the following features: 

A branch line was installed from the 
street main to the sidewalk to which 
was attached a “hydrant” bend. The 
hydrant was connected to the bend and 
terminated in one or more hose outlets 
either below the ground level (flush 
type) or above the ground level (post 
tvpe). The flush type hydrant re- 


quired a wooden or metal housing gfgur 
hydrant box. pera 

Two different types of early hydrangd 
are illustrated: An 1830 Richmondhto n 
Virginia, hydrant (Fig. 24) and a fowidra 
way flush type hydrant, make anégnd 
date unknown (Fig. 25). to tl 

Following the English practice theo th 
flush type of hydrant at first was tho « 
more popular. The personal whim gifprov 
the fireman appears to have had con-finter 
siderable influence in the final adopJand- 
tion of the post type of hydrant. ])} TI 
this connection Samuel McElroy, C.EJnicip 
reports in the Journal of the Franklinfsome 
Institute, April issue, 1865: De 


The American Hydrants, are placed along) 


“flush” with the sidewalk peony or 
“stand-pipe” heads, the former being 
common in the Eastern, and the latter in 
Middle States, although the water adminj 
trations of the milder sections, object to thelwood 
“flush” hydrant on account of winter weather}The 
The more correct cause for their adoptionjup to 
is to be attributed, partly to the habit of 
following certain beaten paths, without much 
inquiry as to their alignment, and the desire 
to accede to the wishes and prejudices of th 
volunteer firemen, who exercise considerabk 
rivalry in securing the first hydrant for his 
particular “machine,” and have a special re 
gard for those more readily found in th 
general race of precedence. In the hurly- 
burly of a fire-alarm and of arrivals on th 
ground, a fireman looks more picturesqu 
seated on the hydrant which he has secure 
for his “machine,” and can maintain his 
position better against the next comers, tha 
(sprawled)* over a flush case, without suth 
salient points; beside this it takes the hoxf 7 
a shade easier, he thinks, and it certainly 
looks better in the engraving of his certificate 
or the elaborate art adornments of hi 
engine and engine house. 


The limitations and defects of thes: 
early hydrants were noted and tf 
corded in the reports from the various 


cities. Improvements of the steam fir 

engine called for increased flows ané . 

1G. 3 
* This word inserted by author. Hye 
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Ising ggsturdier construction. The low tem- 4 quarter-inch stream of water is wasted 
eratures of the northern cities caused ‘uring the entire time that each plug is in 


ydrantdoreat damage to fire hydrants and led 
many remedies and improved hy- and in 1857 reported: - 
1a fowfdrant construction. Insufficient flow 
k . . It will be seen that the action of frost 
€ andiand excess ‘ I is the principal cause of injury and damage ; 
to the hydrant construction, and also to the fire-plugs. The fire-plugs in this city, 
tice theto the inadequacy of the feeding mains. which are the same as those used in every 
was thiTo overcome this, larger mains were other city in the country, are unsuited to the 


. sev tests of northern winters. A fire- 
hydrants were set at closer 
UM Of provided, plug that’ shall be so complete as to meet 


ad contintervals and the calibre of the branch 411 the objections to the present kind, is a 
adop- and the hydrant was increased. very great disideratum. From all places 
nt. In} The following quotations from Mu- where they are used the same complaints 
y, CEJnicipal Reports will serve to illustrate 4° heard. The only remedies that appear 


to be applicable in their use, are to drain 
ranklinfsome of the difficulties encountered. them (as most of them are in this city), and 


Detroit reported in 1855: during freezing weather to allow none of 
them to be opened unless when required for 


ed alongy The old waste cock and rod are dispensed use at Gree. 


d eitherlwith, and a small brass plug, with a quarter 

or witfinch hole through the center, is driven in, in From the Philadelphia Report of 1858: 
1g place of the waste cock. A short piece of 

T in thelead pipe is soldered on to the brass plug, Great difficulty has been experienced in 
admini nd connects with the drain outside of the procuring an adequate supply of water for 
them (steam fire engines); this has in part 
been remedied by applying the suction of the 
engine immediately to the plug; while this 
gives a much better supply of water, the 
ram or concussion produced by the opera- 
tion of the pump, loosens the joints of the 
plug in some of the connexions, and in one 
instance the main was burst; to remedy this 
defect and also to give a more copious sup- 
ply of water, the Department has constructed 
a fire plug of much larger dimensions than 
that now in use, and which has the addition 
»f an air chamber to it, to receive the ram 
»f water. It is hoped by means of this that 
the steam fire engines can be worked with- 
out the city being put to the expense of 
constructing large cisterns to pump from. 


Philadelphia was preeminently in 
the forefront in the progress that led 
to modern hydrant’ practice. Mc- 
“lroy, states in the March, 1865 issue 
yf the Journal of the Franklin Insti- 
ute: “. . . good old, square blocked 
Philadelphia is ingenious in turning 
iydrants into suction tubes, .. .” 

} The annual report of the Philadel- 

Fic. 30. McClelland Hydrant ~), Dent Phia Bureau of Water, for the year 
Hydrant (Bottom), Washington, D.C. 1865 comments at length on fire hy- 
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drant design and operation difficulties. 
Since this report is representative of 
many similar reports from other cities, 
extracts from the report are quoted : 


These important fixtures (hydrants) have 
received much attention from the Depart- 
ment. 

The fire plugs now used in this City are 
principally made from what is known as the 
old Fairmount pattern; and they are placed 
upon the sidewalk, against the curb-stone 
(Fig. 26). 

The connections to the street mains are 
generally made by a four-inch branch and a 
four-inch pipe laid to the side of the street, 
where a hydrant bend is attached; this is a 
pipe curved up, with a tapering bell en- 
larged, so as to receive the fire plug or stand- 
pipe; this bend has lugs cast on it to receive 
the stirrups by which the plug is kept in its 
place. 

The plug or standpipe is a pipe enlarged 
at the bottom to allow room for the valve, 
and the passage of the water around it. The 
valve is conical, and made of leather; it is 
operated by a rod passing up through a 
stuffing box on the top of the stand. The 
valve is opened and closed by a screw worked 
by a handle. 

The valve seat is brass, secured to its 
place by a lead packing. The water passes 
out by a short branch near the top; this has 
a brass nut secured in it by lead packing; 
the nut is cut so as to fit the screws upon 
ordinary sized hose couplings, used by all 
fire companies. At the back of the plug is 
a rod which is lifted by the screw operating 
the valve. 

When the plug is closed this rod is lifted, 
thus opening the waste or frost stop at the 
bottom of the plug, allowing the water in 
the plug to flow out. When the plug is 
opened the rod drops into its place and 
closes the frost valve, so as to prevent waste 
while the plug is in use. The plug is held 
in place by a yoke and the two stirrup bolts. 
The case is made of iron, in three pieces; 
so that it can be readily taken apart to 
facilitate repairs. 

There are over three thousand plugs of 
this kind in the city, and most of the Water 
Works in the country use substantially the 
same plug. 

These plugs do not answer satisfactorily 
for the steam fire engines, and whenever a 
fire occurs almost all of them used by the 


steamers require repairing. This pattern ¢ 
plug, however, has so many good featupg 
about it, that it is difficult to improve yng 
it, and notwithstanding a number of pg 
ented plugs have been introduced, the om 
most used is substantially the same. 

The department constructed a plug 
1861, when the streamers were first intro 
duced; a number of them are in use. 
difference between this and the old Fajl 
mount plug is in the size of the standpip4 
and outlet, and in its furnishing accom 


dation for three connections; but the pring < 
cipal difference is in the air chamber place . 


outside and enclosing the standpipe ; this ; 


intended to receive the ram of the water pro 


duced by the pumps of the steamers, 
prevent it from destroying the maine 
other water fixtures. The steamers are noy 
so arranged as to prevent this concussion 
and the air vessel is no longer necessary, 

The department is now using the ply 
which ... is very much like the old Fair 
mount plug. The alterations are in th 
enlarged size of the standpipe and outlet 
being fully equal in area to four inches ; 
diameter. The plug is lengthened so “a 
place the valve deeper in the ground; th 
waste is arranged to draw all the wate 
from above the valve, and the goose-nec 
and stands are permanently connected by 
flanges bolted together, instead of the socke! 
and stirrup, as in the old plug. 

This plug answers perfectly, and furnishe 
a full supply to a steamer; it is enclosed i 
the same case as the old plug, and a 
substituted, as is done whenever repairs ar 
necessary. All the new plugs now made }j 
the department are of this kind. 


On the subject of operation ané 
maintenance, the report states: 


The fire plugs are erected to be used onl 
in the case of fire, or for flushing the gut 
ters, when ordered by the Board of H 
the Mayor, or Committee on Water. Their 
use has been allowed, for filling the cask 
of the street sprinklers, and washing th 
gutters when the streets are swept. The 
are not intended to be used for private or am 
other purposes, and every use of them e 
cept the above, is in violation of law. 

In this respect the Jaws are constantly 
violated, and the department finds it im 


possible to prevent the use of the plugs fa 
illegal purposes. Four men are detailed fa 
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the special purpose of looking after the plugs 
and seeing that they are kept in repair, but 
as it is necessary to detect the parties using 
the plugs, and sue them before an alderman, 
yery little can be done by the Department 
to prevent this abuse. 

If the police would take the matter in 
hand, this indiscriminate use of plugs could 
be prevented, and, as a consequence, a large 
amount of water saved, particularly in ex- 
cessively warm days, when water is most 
needed for legitimate uses. Frequently, on 
such days, the department knows from ob- 
grvation, that from two to four million 
gallons of water are wasted by fire com- 
panies and others using plugs illegally. 

During the year, it has been necessary to 
repair 1283 plugs, at an expense of about 
$8,000. Many of the plugs are wantonly 
broken by the firemen, who ought to be 
equally interested with the department in 
keeping them in repair. When a number of 
steamers are collected near a fire, they ex- 
haust the capacity of the mains, and some 
of them find it impossible to procure a sup- 
ply of water; at such times plugs in perfect 
order are wantonly destroyed. 

There is, perhaps, not a single locality 
where over twelve steamers can be supplied 
with water at the same time, so as to con- 
centrate their force upon a burning building, 
and when a larger number are in service 
they only create confusion and trouble. 

Every winter some of the plugs are frozen, 
notwithstanding the care and attention be- 
stowed upon them. Some years ago, it was 
the habit of the department to pack them 
with hay or straw each winter. But this 
was found to be no protection when the pack- 
ing became wet; and when frozen, it was 
almost impossible to thaw them. The pack- 
ing has not been resorted to for the past 
six years, and a less number have been 
frozen. 

The only plugs which become frozen, are 
such as are so located that they cannot be 
drained, or where the ice is suffered to fill 
the gutters and overflow the pavement. In 
such cases, the space between the plug and 
case and the inside of the plug becomes 
filled with ice. Where vaults have been con- 
structed and plugs exposed, they are also 
liable to be frozen. Salt introduced into the 
standpipe of plugs which are liable to be- 
come frozen, has been found a preventive, 
or should they be frozen, it will free them 
from ice. 
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Some of the operational difficulties 
experienced in the early days continue 
to be problems for the water works 
operator of the present day. 

A review of the patents issued be- 
tween the years 1850-1864 reveal that 
15 devices were offered to improve 
ventage draining, 10 devices on 
valve improvement, and 3 devices on 
frost protection. Some of the im- 
provements suggested were quite 
unique, for example: A combination 
hose hydrant and hitching post; a 
combination hydrant and pump with 
valves operated by steam; and a gas 
burner built into the hydrant case to 
prevent freezing. 

Mr. Samuel McElroy, in the 1865 
May issue of the Journal of the 
Franklin Institute recommended a new 
type of hydrant valve (Fig. 27). He 
claimed numerous advantages for the 
valve arrangement and also suggested 
that the hydrant tube have a slight up- 
ward flare “so that in case of ice for- 
mation within it at any point above 
the valve chamber, the first water pres- 
sure from the opened valve would free 
the ice cylinder so as to permit an ac- 
tive thawing current out of the nozzle.” 

It is not known whether this design 
was ever actually used in hydrant con- 
struction. 

In 1897 and 1898 exhaustive fric- 
tion tests were made on hydrants by 
Mr. Chas. L. Newcomb, M.E., at 
Holyoke, Massachusetts. 
of these experiments were reported in 
a paper “Experiences on Various 
Types of Fire Hydrants,” published in 


or 


the Transactions of the American So- 


ciety of Mechanical Engineers, (20: 


494 (1899)). The American hy- 
drants of that period that were tested 
included such names as Beaumont, 


Chapman, Coffin, Corey, Glamorgan. 
Holyoke, Ludlow, Matthews and Pratt 


The results 
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& Cady. As a result of these tests, 
friction losses were given greater con- 
sideration in the design of the water 
way and the hydrant outlet. 

Mr. Clarence Goldsmith, for many 
years an active member of the Ameri- 
can Water Works Association, has co- 
operated with the author of this paper, 
in supplying many of the photographs 
of early American hydrants shown 
herein and data relating thereto (pp. 
951-956). Many years ago when Mr. 
Goldsmith, now assistant chief engi- 
neer, National Board of Fire Under- 
writers, was supervising surveys for 
the Board, he made it a practice to lo- 
cate and photograph old (middle-era) 
American fire hydrants. He instructed 
his engineers to be on the alert for 
such “Industrial Americana,” and at 
times literally “tore up the earth” to 
find such hydrants. A number of the 
fire hydrants illustrated are still in use 
in parts of the country; many are no 


longer manufactured. 


The fire hydrant of 1944 is a far en 
from the “plug” pulling days and the 
water hole in the street, but in general 
pattern is not so distant from the post 
type hydrant introduced in Philadel. 
phia early in the nineteenth century, 
Distribution system methods are chang. 
ing, property values are ever increas. 
ing, flow requirements are more severe, 
and the hydrant manufacturers, alert 
to these changes, are continually im. 
proving the design and construction of 
the fire hydrant. + 
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Cuts of Commercial 
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"HOLYOKE” 
Norwood Engineering Company ae 
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BALANCED VALVE 


LUDLOW” 
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Monufacturing Co. 


American Foundry @Mfg Co. 
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(@ATE) (compression) 


“KENNEDY” KENNEDY 


The Kennedy Valve Manufacturing Co. 


“K-U-TA" \ 


Cayuta Wheel e Fdy.Co. 


Cuts of Commercial 


New Yorn. 


PRAT T %CADY "SMITH" 


rar ompany A.P. Smith Manufacturing Co. 
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_ Practical Studies of Distribution Systems 


By George W. Booth 


N normal times there are over a hun- 

dred engineers throughout the coun- 
try who are regularly making detailed 
studies of water supply distribution 
systems. They are recommending the 
installation of mains to provide the 
necessary pipe capacity to prevent un- 
due pressure losses under domestic 
consumption demands; they are sug- 
gesting installation of suitable elevated 
storage ; and they are advising as to the 
fire flow needed and the general 


strengthening necessary to obtain it. 
These engineers are on the staff of 
the National Board of Fire Underwrit- 
ers or are employed by the various fire 
insurance inspection boards and_ bu- 


reaus. In addition, there are many 
water works employees who are mak- 
ing similar practical studies of their 
own systems. 

There is at least one engineering 
company which for years has been 
making surveys of pipelines, loss of 
head and amount and direction of flow. 
The method used is somewhat different 
than that of the hydrant fire flow test 
used by our engineers, but the results 
are equally positive. 

The problem confronting us in prac- 
tically all cases is to evaluate the ade- 
quacy of an existing system, and to 


A paper presented on June 13, 1944, at the 
Milwaukee Conference, by George W. Booth, 
Chief Engr., The National Board of Fire 
Underwriters, New York, N.Y. 


957 


determine the best method of strength- 
ening it to obtain the desired results. 
To check the design of a system not 
yet constructed, it is of course neces- 
sary to resort to analytic methods, but 
such new systems are usually compara- 
tively simple and lend themselves read- 
ily to analytic treatment. 

Few of these staff engineers have 
ever used either the Hardy Cross 
method of analysis or the electrical net- 
work analysis, but most of them can 
and do make simple analytical esti- 
mates of the capacity of arterial 
mains, since such estimates, as com- 
pared to actual results, will often bring 
to light such conditions as closed 
valves, lack of network connections and 
seriously tuberculated mains. 

The study of the adequacy of water 
distribution systems was started by the 
N.B.F.U. in 1904. For the first year, 
a staff of engineers in the office spent 
days and weeks on intricate calcula- 
tions. Various textbook plans were 
used, and modifications adopted. 
Reams of paper and days of calcula- 
tions were the result, but actual knowl- 
edge of the capacity of the distribution 
system was still questionable. It was 
soon evident that the strength of a dis- 
tribution system could not be satisfac- 
torily determined by calculations i 
on assumptions which are frequently — 


subject to error. 
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The values of “C” for the larger 
pipes in a system may be determined 
through the use of pitometers, or by 
metering the flow and recording the 
drop in pressure gradient; but to do 
this, even for the secondary feeders, 
would be a major task in the larger 
systems. 

There are other features which may 
produce the possibility of large errors 
in any theoretical calculation, whether 
the calculation is by the Hardy Cross, 
the modified Freeman, the electrical 
analyzer, or any other analytical sys- 
tem. Some of these features are: (1) 
the probability of some valves being 
closed; (2) the pocketing of air at 
high points in the system; (3) the fact 
that the records are incorrect as to con- 
nections ; (4) the hourly, daily and sea- 
sonal variation as to rates of flow and; 
(5) the changes in both domestic and 
fire demand. 

There are two very practicable 
means of determining the need for 
additional mains. These are water 
plane surveys and fire flow tests. Both 
are used in the preparation of the re- 
ports issued by the N.B.F.U. and in 
determining the reinforcement neces- 
sary. 

The water plane survey involves 
pressures taken or recorded at various 
points in the system where the eleva- 
tion is known, and from these a de- 
termination is made of the water plane 
at those points. Lines of equal water 
elevation can be drawn, if desired, but 
usually these are necessary. 
Where there are marked drops in the 
water plane the need for special stud- 
ies is indicated. These drops may be 
due to closed valves or to heavy local 
consumption. These water planes will 
vary from day to day and sometimes 
from hour to hour. To be of real 
value there should be recording gages 
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at a number of places in the distriby. 
tion system. With such data, for , 
particular hour on a day of average 
consumption and a day of maximum 


consumption, or for an unusually 
heavy fire demand, much can _ fe 
learned. 


Many cities maintain pressure fe. 
corders but few take the trouble to 
carry through enough of a study of the 
water plane to tell just what trend 
there is in consumption demands, 
However, several cities are basing 
their plans for extensions of the ar. 
terial system largely on such water 
plane studies. 

As already stated, the engineers of 
the N.B.F.U. first tried to use analyti- 
cal methods on which to base their ree- 
ommendations for improvements to the 
distribution system. In less than a 
year’s time it was realized that this 
was impracticable for our purposes, 
and some other and more practicable 
way must be found. With over 450 
cities of 25,000 or greater population 
the expense of spending months in a 
city was too great if these places were 
to be visited as often as once in ten 
years. There was nothing in the lit 
erature on the subject that appeared to 
be helpful. The use of a pitometer, 
current meter or other measuring de 
vice installed in the mains was out of 
the question because of the cost of in- 
stalling them and the time necessary to 
take the observations. 

The obvious answer to the question 
whether there was enough water at any 
given place was to open the hydrants 
and see what water could be drawn 
The next step was how best to meas 
ure this quantity of water. Speci 
calibrated nozzles with piezometer 
rings at the base were tried with shor 
lines of hose, but this method was slow 


and clumsy. 
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Finally, it was decided that pitot 
tubes, which indicate the velocity of 
the stream on a gage, could be used to 
measure the discharge from the out- 
lets of a number of hydrants. It was 
at first thought that the number of 
hydrants used should equal the prob- 
able number which would be used at a 
fire. Also, that the flow from any in- 
dividual hydrant should be kept down 
to that which would be used by a fire 
engine. This meant opening from 10 
to as many as 20 hydrants in many 
tests in the larger cities. It was obvi- 
ous that the manpower required and 
the time expended were too great. 

It was also appreciated that this 
would draw pressures down to a point 
where domestic service would be seri- 
ously disturbed. In fact, in some of 
the tests made in the early use of this 
system flow tests sometimes resulted in 
producing vacuums on the hill sections 
of acity. Because of this it is not the 
practice of the N.B.F.U. to drop pres- 
sures on main arteries to such a point 
that any section of the city will be left 


low T 
Fire Flow ests 
The procedure of running fire flow 


tests is reviewed briefly here. A more 
complete description is contained in a 
paper * presented by the author before 
this Association in 1924. Groups of 
from four to six hydrants are selected 
along the larger mains of the distribu- 
tion system. A central hydrant, pref- 
erably taking supply direct from the 
large main, is selected to indicate the 
average static pressure in the group; 
at this hydrant one outlet cap is re- 
moved and a special cap, bored to per- 
mit the attachment of a 200-Ilb. gage, 
W. Boorn. Methods of Making 
Flow Tests and Their Value to Water 


Works Engineers. Jour. A.W.W.A., 12: 
157 (October 1924). 
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is substituted. The hydrant is opened 
and the static pressure recorded, before 
and during the flowing test. An ob- 
server is sent to each of the other hy- 
drants in the group and the hydrants 
are opened; at strong points in the 
system either two 24-in. outlets or one 
large outlet are allowed to flow, and 
the velocity of discharge is 
by the use of a pitot tube and a 50- © 
Ib. gage. It is desirable to limit the 
discharge from any individual hydrant 
to a maximum of about 1,000 gpm. At 
weaker points in the system, it may be 
necessary to flow only one small out- aa 
let on each hydrant. ; 
To determine the capacity of the dis- 7 . 
tribution system generally, the next 
step is to run fire flow tests on the hy- — 
drants surrounding an important in- _ 
dustrial plant or in a warehouse ol 
or in minor mercantile sections. Tests 
should also be run in typical residential 
areas. From a study of these tests — 
it is possible to determine whether . 


is necessary to install an additional 
supply line from the source of supply, 
or whether extensions of the existing 
arteries should be made, or whether all 
that is needed is a strengthening of the 
general distribution system in any par- _ 
ticular part of the city. From i 
flow tests and from a study of the | 
water plane as determined from the | 
static pressures taken in these groups, 
it is easy to calculate the desired size _ 
of pipe necessary to meet increased 
consumption demands of a growing 
territory and to provide fire flow. 
These tests will also indicate suitable 
locations for elevated storage. , 
A comparison of the flows —— 
from these various tests will also indi- 
cate whether some important valve in — 
the system has been left closed or that — 
certain connections indicated on the © 


map have never been made. _ 
7) 
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Tests made many years ago indi- 
cated that a pitot reading taken in the 
center of the stream from a 2}-in. out- 
let gave results which were about 90 
per cent of the theoretical discharge 
from such an outlet. For the 4- or 
4}-in. outlets the figures are not so 
accurate and vary from 70 to 90 per 
cent of the theoretical. It has aiso 
been found that, instead of using pitots 
to measure the discharge, equally accu- 
rate results can be obtained by attach- 
ing a gage to one 2}-in. outlet of a 
hydrant and flowing the other 2$4-in. 
outlet. This gage reading will be es- 
sentially the same as that which would 
be obtained by means of a pitot. It is 
thus possible for any water department 
to conduct a survey of its system, 
showing the capacity of the system at 
any particular point, without obtaining 
any other instruments than four or 
five good gages. The N.B.F.U. has 
a pamphlet which is distributed without 
cost in which is a table showing dis- 
charge from various sizes of hydrant 
outlets, using a coefficient of 0.90. 


Quantity of Water Needed 


Having determined by flow tests the 
capacity of the system at various 
points, the next step in the determina- 
tion of reinforcing mains necessary is 
to fix on the quantities of water needed 
for fire-fighting purposes. 

Several formulas have been more or 
less widely used in years past, but the 
one most commonly accepted at pres- 
ent is that prepared by Metcalf, Kuich- 
ling and Hawley, and described in a 
paper + by them in the 1911 Proceed- 


+ Leonard Metcatr, Emit KUvuICHING, 
Witttam C. Hawtey. Some Fundamental 
Considerations in The Determination of a 
Reasonable Return for Public Fire Hydrant 
Service. Procrepincs A.W.W.A. (p. 55, 
1911). 
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ings of this Association. This jg 
often referred to as the N.B.FU’s 
formula and is the basis of the table 
of required fire flow in the Standard 
Schedule for Grading Cities and 
Towns which is reproduced as Table 
1 of this paper. The greater capacity 
TABLE 1 4 
ss“ Fire Flow Requirements 


Popula- Required Fire Flow for Hours 
tion Average City—gpm. Duration 
1,000 1,000 4 
1,500 1,250 5 
2,000 1,500 6 
3,000 1,750 7 
4,000 2,000 8 
5,000 2,250 9 
6,000 2,500 10 

10,000 3,000 10 

13,000 3,500 10 

17,000 4,000 10 

22,000 4,500 10 

28,000 5,000 10 

40,000 6,000 10 

60,000 7,000 10 

80,000 8,000 10 

100,000 9,000 10 
125,000 10,000 10 
150,000 11,000 10 
200,000 12,000 10 


Over 200,000 population 12,000 gpm., with 
2,000 to 8,000 gpm. additional for a second 
fire, for a 10-hr. duration. 

In Residential Districts —The required fire 
flow depends on the character and congestion 
of the buildings. Sections where buildings 
are small and of low height and with about 
3 the lots in a block built upon require not 
less than 500 gpm.; with larger or higher 
buildings up to 1,000 gpm. is required, and 
where the district is closely built, or buildings 
approach the dimension of hotels or high 
value residences, 1,500 to 3,000 gpm. is re 
quired, with up to 6,000 gpm. in densely 
built sections of 3-story buildings. 


of modern fire department pumping 
engines and the facility with which 
they can be concentrated in almost any 
community throughout the country are 
producing heavier demands than for- 
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merly on water works systems gener- 
ally. 

In an effort to fix upon economic 
pipe sizes in design, there is the temp- 
tation to use a much too great propor- 
tion of 4-in. pipe, which with the pas- 
sage of time and the consequent falling 
off in carrying capacity becomes alto- 
gether inadequate for the demands 
made upon it, even in ordinary resi- 
dential sections. That tendency to use 
4-in. pipe is much less common than 
formerly, and the great majority of 


DISTRIBUTION SYSTEMS 


iron and also toward the increased — 
over-all reliability of the system in the 
event of a break. The same principle 
applies to arterial feeders, and it is 
good practice to use several pipes of — 
total equivalent capacity than one very © 
large artery. Table 2 is useful in this 
connection. 

The problems that arise in water 
works practice are of two kinds, i.e, 
those of extensions into newly ale 
veloped areas, and those of strengthen- 
ing existing systems, many of which — 


rABLE 2 | 
Table Showing Equivalent Values of Pipe Capacity 
Figured on ‘‘H”’ and Hydr. Slide Rule 
S=1.0 C=106 Diameter of Pipe in Inches Diam- 
eter — eter 
Inehes| Quantity | Veloc.| 4 6 8 10 12 | 14 | 16 | 20 | 24 | 30] 36 | 42 | 48 | 54 | 60 | 66 sel 
66 |59,400,000} 3.87 [1592 [550 | 257 143 [59.1 |41.5 [23.1 |14.3 | 7.95) 4.94) 3.28) 2.31) 1.70) 1.29) 1 66 
60 | 46,200,000] 3.64 |1239 [428 |200 | 111.2 |69.0 |45.9 |32.3 |18.0 |11.12) 6.19] 3.84] 2.55] 1.80} 1.32) 1. 60 
54 35,000,000] 3.41 | 938 | 151.5 | 84.4 [52.3 |34.8 [24.5 [13.6 | 8.44] 4.69] 2.91] 1.94) 1.36) 1. 
48 |25,700,000] 3.17 | 689 | 238 | 111.2 | 61.9 [38.4 |25.6 |18.0 |10.0 | 6.19} 3.44] 2.14/1.42)1. | | | 48 
42 |18,100,000] 2.91 | 486 | 167.6 | 78.4 | 43.6 |27.0 |18.0 |12.7 | 7.04] 4.36] 2.42] 1.50} 1. 42 
36 | 12,030,000) 2.64 | 323 [111.2 | 52.2 | 29.0 [18.0 |12.0 | 8.42] 4.68} 2.90] 1.61] 1. 
30 | 7,470,000} 2.35 | 200 | 69.2 | 32.4 | 18.0 111.13) 7.43] 5.22} 2.91] 1.80] 1 7 30 
2% | 4,150,000} 2.04 | 111.2 | 38.4 | 18.0] 10.0 | 6.19) 4.13] 2.90] 1.61] 1. 
20 2,570,000} 1.82 68.9 | f23.8 | 11.12) 6.19) 3.84) 2.56) 1.80} 1. 20 
16 | 1,430,000] 71.58 | 38.4 | 13.3 | 6.19] 3.45] 2.14] 1.42] 1. 16 
14 | 1,005,000) 1.45 26.9 9.31} 4.35) 2.42) 1.50) 1. 14 ) 
12 | 670,000] 1.32 | 18.0} 6.21] 2.90] 1.61] 1. t 12 
10 415,000} 1.18 | 11.12} 3.84) 1.80) 1. 1 10 
8 | 231,000} 1.02 | 6.19} 2.14] 1. 8 
6 | 108,000] .85 | 2.90] 1. 


systems employ 6-in. pipe 
mum size. 

There is a definite question as to the 
advisability of using “in-between” 
sizes of pipe, such as 10-in., 14-in., and 
18-in., for example. The first cost of 
installation would not be greatly in- 
creased by using the next larger size 
and the cost of maintaining the stock 
will be reduced. 

It is often better to lay two 16-in. 
mains, parallel but some blocks apart, 
rather than a single 20-in.; the com- 
bined capacities are not quite equal to 
that of the 20-in., but the two 16-in. 
mains contribute toward a better grid- 


as the mini- 


were designed for much smaller de- 
mands than those existing at present. 

As to extensions, these are on the 
perimeter of the existing system, and 
in few cases are they of sufficient mag- 
nitude to warrant any attempt to form 
a gridiron. They consist mainly of 
dead-ends, and it may be years before 
any cross mains are laid. Recent stud- 


ies of city systems have shown a_ 


marked tendency toward the outward 
expansion of cities and towns, with 
many instances of growth beyond the 
city limits, but still with a desire for 
city water. 

Such expansions are occurring in- 
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every large city, and many small ones. 
New Haven, Conn., has had a decrease 
in population, but several communi- 
ties of good size have developed just 
beyond the city limits. Others, such 
as Cincinnati, New Orleans, Bridge- 
port, Los Angeles, Detroit and Kan- 
sas City, have had such peripheral 
growth. ‘ 


| 
Friction Loss 


The average dwelling house group, 
to provide fire protection, may readily 
require 1,000 to 1,500 gpm. This in 
a 6-in. pipe, means a friction loss of 
5 to 11 Ib. per 100 ft. (c = 100) which 
indicates that even though the present 
fire protection demand for scattered in- 
dividual houses may not be for more 
than 500 gal., with a loss of 1.5 Ib. 
per 100 ft., the time will come very 
shortly when a 6-in. pipe is too small 
if dead-ended and more than 600 to 
800 ft. long, which is about the length 
of many residential blocks. As com- 
pared to this, an 8-in. main has a fric- 
tion loss of 1.3 and 2.7 lb. for flows of 
1,000 and 1,500 gal., and dead-ends of 
over 2,000 ft. can be supplied with 
normal pressures of 60 Ib. 

Calculations show that a gridiron 
of 6-in. mains gives a local loss in 
pressure, for concentrated flow from 
a group of hydrants, which is 4 times 
greater than it would be if the grid- 
iron were of 8-in pipe and_ twice 
greater than with a gridiron of 6-in. 
and 8-in. pipe. 


Minimum Size Pipe 
Following this line of reasoning the 
N.B.F.U. has recommended: That the 
minimum size of pipe for residential 
districts be 8 in.; 6-in. pipe to be used 
only where it completes a good grid- 
iron and in no case in blocks 600 ft. 


or more in length. proms 
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In making extensions from a grid. 
iron system these 8-in. pipes should 
run as parallel lines in the direction of 
the probable growth, as thus they wil] 
form, when cross-connected at inter. 
vals of 2,000 ft., a basis for a very 
strong feed, and there will be little 
need of cross mains larger than those 
necessary to give domestic consump. 
tion. A splendid example of the effec. 
tive use of 8-in. pipe in such circum. 
stances is found in the distribution 
system of Seattle, Wash. 

One of the biggest factors in fire 
protection is the changing of occu. 
pancy conditions which is taking place, 
usually slowly so that no one notices 
the increased local demands for do- 
mestic and fire supply until conditions 
become serious. One of the causes 
given for the extent of the Paterson, 
N.J., conflagration of 1902 was the 
shortage of water in extensive mill 
and mercantile areas which had _ been 
developed in an area with a gridiron 
designed for residential occupancy. 

Recent studies of fire supply in con- 
nection with war industries have shown 
that many of these have totally inade- 
quate supplies because of incomplete 
gridirons of 4- and 6-in. mains, whereas 
if 8-in. mains had been used as the 
minimum, the supply, although not 
ample, would have been good. 

The value of 8-in. pipe, especially 
in parallel lines along the long side of 
city blocks, is again shown in consid 
ering the arrangement of secondary 
feeders. Three such lines have essen- 
tially the same carrying capacity as a 
12-in.; thus, in a system using 8-in 
pipe as a minimum there is seldom 
need of using 12-in. pipe except where 
it is needed as a distributor in a manu 
facturing area or along a street oi 
mercantile occupancy where concent 
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tration of fire flow of the order of 
4,000 to 5,000 gal. is required. 

The second phase in the design of 
4 distribution system relates to arter- 
ies. It is almost axiomatic today that 
sole dependence must not be placed 
on a single arterial main, nor should 
two or more arteries be in the same 
street. 

These feeders or arteries, because 
of cost, must be laid by the shortest 
route and to the points of heaviest de- 
mand. Such was the basis for most 
original designs of distribution sys- 
tems, and these feeders extend by 
fairly direct routes to the congested 
value or principal mercantile district. 
From these large mains secondary 
arteries extend generally in loops or 
squares. 


Water System Plans ¥ 


Some cities adopt a master plan for 
these arteries with the idea of follow- 
ing this for all time. Anyone who has 
watched the development of Ameri- 
can water systems for the past 35 yr. 
will readily agree that any such plan, 
prepared more than 10 or 20 yr. ago, 
will result in a large waste of money, 
and probably in a system inadequate 
for the present needs. 

With large cities there may come 
a time when, because of a manufactur- 
ing development in the part of the 
community furthest from the source 
of supply, it is necessary to lay a large 
feeder from the source to the area to 
be served. 

There has been a tendency to lay 
such a main along the outskirts of the 
distribution system, or to run it as an 
express main through the distribution 
system and take feed from it only in 
the area found deficient. Both prac- 
tices are faulty, inasmuch as they do 
not adequately strengthen the system 
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where the values are highest and the | 
greatest protection is needed. In fact, — 
such large mains should always extend 
through or connect into the heart of ol 
the distribution system, providing it — 
does not unduly increase the cost nor 
put two large mains in the same street. 
Elevated tanks have been used in _ 
comparatively recent years in greatly 
increased numbers, and in most cases a 
to very good advantage. Improve- _ 
ments in design and construction and 
the comparatively modest cost of stor- 
age in such tanks have contributed to — 
their more extended use. Every tank 
can be looked upon as a secondary 
source of supply for fire protection and — 
for peak consumption load. However, 
the tank must connect into the distribu- 
tion system by means of a pipeline of 
sufficient size to permit its capacity to 
he delivered. 
On the basis of a 10-hr. firedemand 
it is estimated that the size of pipe used ] 
to connect elevated tanks should be as — 
given in Table 3. These pipes should — 
extend into the district to a point — 
where they connect with mains pro- © 
viding equal or greater capac ity. These 
sizes will allow storage in the top part _ 
of the tank to be used to take care of — 
fluctuations in domestic demands, with-_ 
out an excessive drop in the pressure, 


TABLE 3 
Delivery Rate for 
apacity— Size of 
g 
Main—in. 
med. gpm, 
100,000 | 0.24*| 166 | 
200,000 | 0.48* | 333 | eM wit 
500,000 | 0.6 417 | re 
1,000,000 833 12 
2,000,000 2.4 1,666 | 2-12 or 1-16 
5,000,000 6.0 4,165 | 2-16 or 1-20 
*For 5 hr.; others of 10-hr. duration. 
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and will provide a reasonable increase 
wi? 

The question of the location of ele- 
vated storage is an important one. 
Primarily such storage should be in 
the sections of heaviest demand, either 
domestic or fire, and by so locating it 
the full benefit of the storage can be 
obtained without laying much addi- 
tional pipe. The practice of putting 
storage at the extreme edge of the dis- 
tribution system, or even beyond the 
limits of the mains, is poor, and this 
is especially true where there are 
several tanks. However, where a sec- 
tion is well removed from the re- 
mainder of the distribution system, 
or is at an elevation where the pres- 
sures are low and much fluctuation 
cannot be allowed, the location of a 
tank within or near the area is very de- 
sirable. This is particularly true of 
isolated factories, especially if they are 
dependent on automatic sprinkler pro- 
tection. Under these conditions the 
storage can be considered primarily of 
local value, and the main connecting 
it to the major part of the distribution 
system need not be larger than that 
which is necessary to meet the maxi- 
mum 24-hr. consumption requirement, 
which in most instances would be met 
by an 8-in. main. When tanks are 
small or of shallow depth, those located 
away from the central or heavy de- 
mand section of the distribution sys- 
tem should not, and in fact cannot, be 
considered as contributing to the fire 
flow, especially if the connecting pipe- 
line is of large size. It can be readily 
seen that with unrestricted flow 
through a large main these tanks would 
be empty at such times are pressures 
dropped 5 to 10 Ib. within the center 
of the distribution system. 


Elevated Storage 
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Planning Distribution Systems 


A study of the development of water 
systems in a number of larger cities 
has brought out several other items 
having a bearing on this question of 
how best to plan distribution systems, 
One of the most important of these jg 
the question of where the water is to 
he obtained. In a period of less thay 
30 yr. in many cases there have been 
radical changes in the direction from 
which supply was secured. Chicago, 
although it has always depended op 
Lake Michigan for its supply, has in. 
troduced a new point of feed with each 


new pumping station. Albany, N.Y, 
has had three different sources; St. 
Louis, Mo., is largely developing the 
Missouri River supply after depend- 
ing for years on the Mississippi; New 
York City, including Brooklyn and 
Queens, now has numerous centers of 
feed from tunnels instead of the former 
supplies from the local distributing 
reservoirs and scattered sources of 
supply; New Haven and Bridgeport, 
Conn., have undergone similar experi- 
ences, as have many smaller cities. 


Increasing Pressure 

With a few exceptions there has been 
a tendency in cities formerly classed as 
low-pressure cities materially to in 
crease the pressure carried, thus allow: 
ing for a greater fluctuation in domestic 
demands without lowering the pres 
sure to a point where service was ut 
satisfactory. This increase in pres 
sure also provides greater fire flow. 

The general idea which the author 
wishes to bring out is that the dis 
tribution of water depends on many 
factors which vary from day to day 
or even from hour to hour. On the 
average, the total quantity of water 
needed for domestic and fire service i 


so large and involves so many ut 
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known factors that an attempt to make 
a complete analytical study requires 
much time and effort. A more satis- 
factory determination of present and 
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the simple and practical methods cited, 
the value of which has been proven 
during the past 40 yr. 


H. E. Beckwith * 


We believe that we are the engineer- 
ing firm which Mr. Booth refers to as 
specializing in “making surveys of pipe- 
lines, loss of head and amount and di- 
rection of flow.” This being so, we 
wish to avoid a possible misunder- 
sanding of our work which might 
arise from a reading of Mr. Booth’s 
paper. It might appear that in col- 
lecting data to be used as a basis for 
distribution system design we substi- 
tute Pitometer flow measurements and 
loss of head measurements for hy- 
drant flow measurements and pressure 
gage readings. This is not so. We 
make the hydrant flow tests and pres- 
sure readings recommended by Mr. 
Booth but in addition we also make the 
Pitometer flow gagings and _loss-of- 
head tests. It is a case of “in addition 
to” and not “instead of.” In this con- 
nection we quote from a paper by our 
chief engineer, Mr. E. Shaw Cole, pub- 
lished in the JouRNAL of the American 
Water Works Association : 7 

The actual physical condition of the dis- 
tribution system is determined by various 
field tests and are usually made in conjunc- 
tion with Pitometer flow gagings. These in- 
clude loss of head tests, hydrant flow tests 
and a pressure survey. All results are thor- 
oughly analyzed; and are made available for 
use as a basis for the design of the exten- 
tions and reinforcements and for checking 
hydraulic computations. 


*Dist. Mer., The Pitometer Co., Pitts- 
burgh, Pa. 

+E. SHaw Core. The Value of Distribu- 
tion System Studies for Meeting Present 
Emergencies and Post-War Problems. 


Jour. A.W.W.A., 34: 1762 (1942). ivi, 


We believe that these additional 
gagings and loss-of-head tests are well 
worth while as they lead directly to the 
discovery of defects in design or acci- 
dental obstructions. In a recent in- 
vestigation of this kind in a city of 
about 50,000 population four important 
valves on large mains were found 
closed. In another instance the inser- 
tion of an air valve on a 36-in. line led 
to the filling of a balancing reservoir 
for the first time since it had been 
built. Trapped air is a very effective 
seal to prevent the passage of water. 
Very frequently “lazy” mains are dis- 
covered which can be put to work in- 
expensively by increasing the feed to 
or from such mains. All in all, these 
additional tests greatly increase the 
knowledge of what the existing plant 
is doing and can be made to do. 

Mr. Booth states that the determina- 
tion of the value of “C” would be a 
task. We believe that he is speaking 
for his own organization, and we agree 
that it would be unfair to expect the 
Underwriters to do this work. How- 
ever, many.of our larger cities and 
outstanding engineers have found this 
information invaluable in designing 
additions to existing distribution sys- 
tems. Our firm has made “Trunk 
Main Surveys” or “Distribution Stud- 
ies” for securing this information in 
many of our leading cities, including 


Minneapolis, _ Newark, Milwaukee, 
Providence, Philadelphia, Baltimore, 
Pittsburgh, Detroit, Cleveland, St. 


Louis, Cincinnati, Toledo, Columbus, 
New Orleans, Dayton, St. Paul, Hous- 
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ton, and Buffalo. As the cost of these 
tests averages only a fraction of 1 per 
cent of the cost of the needed improve- 
ments, we feel that they are more than 
justified by the resulting economy of 
- design. 

None of the above remarks should be 
interpreted as a criticism of Mr. 
Booth’s paper as we consider it one of 
the best ever published on this subject. 
Our sole purpose is to clear up any 
possible misunderstanding relative to 
the work done by our company. 


W. E. Howland ¢ 


Without disputing the value of the 
experimental methods presented in this 
paper, I wish to state my opinion that 
the Hardy Cross method referred to in 
the paper, or simplifications and adap- 
tations thereof, do have a useful part 
to play in the analysis of the behavior 
of actual pipe systems. 

I base my opinion upon my own ex- 
perience which, however, is very lim- 
ited when compared to that of the au- 
thor. I have used the method in the 
analysis of several proposed designs of 
fire protection systems for two large 
ordnance plants. These pipe systems, 
it is true, are much simpler than those 
of large cities, but I believe that the 
Hardy Cross method when used wisely 
and in such a manner as | will explain, 
‘may be helpful in the analysis of much 
more complicated systems. This par- 
ticular method is especially applicable 
to systems in which the many rather 
small take-offs may be negligible when 
compared to a single large fire flow. 

Briefly this method is the following : 
Boldly to omit cross-over pipes which 
are judged to carry small flows, either 
because of their small size or great 


t Prof. of Sanitary Eng., Purdue Univer- 
sity, West Lafayette, Ind. ae 
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length, or because it is thought that 
they connect points of approximately 
equal pressure. By cross-over pipes 
are meant those which connect with an 
intermediate point on a given pipeline 
in such a way as to prevent the use of 
the equivalent length pipe analysis 
method. § The remaining cross-overs 
which are judged to be important may 
then be replaced by two or more paral- 
lel pipes not necessarily of equal 
length, whose combined capacity js 
equal to that of the pipe replaced, and 
these are then joined in the equivalent 
pipe system in such a way as to make 
possible the use of the equivalent 
length method. It is very easy to do 
this by means of a chart included in the 
article previously mentioned. When 
these or other simplifications are made, 
the analysis of the system by the equiy- 
alent length method with the aid of the 
chart referred to is exceedingly simple 
and rapid, and one may always be sure 
that the computation will give an an- 
swer, which, though approximate, is on 
the safe side; that is to say, when this 
procedure is used one may be sure that 
the actual equivalent length of the sys- 
tem is less than these calculations indi- 
cate. (This assumes, of course, that 
no mistakes in arithmetic are made.) 
To know that the flows will be at least 
as great as a certain figure when the 
head loss is a given amount or, con 
versely, to know that the pressure drop 
will be no more than a certain amount 
for a given flow may be all that is 
needed to determine that the fire pro 
tection furnished by the system is ade 
quate. 

But it often happens that the com: 


§ W. E. Howranp & F. Farr, Jr. Com- 
putation of Equivalent Lengths of Paralle 
Pipe Systems. Jour. A.W.W.A., 33: 23 
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puter would like to know whether a 
particular simplifying assumption that 
he has made is not, perhaps, too con- 
servative, or whether a particular kind 
of assumption is a good one, in this 
sense. He may always go back to the 
Hardy Cross method to obtain as exact 
an answer as he wishes to all such 
questions. Thus, using the Hardy 
Cross method as a calibration device, 
the analyzer may build up a fund of 
tricks or approximations which, for 
him at least, will be useful. It is well 
to make sure that the assumptions are 
on the safe side as I have explained. 
When these procedures are employed 
one may know that of several such 
rapid solutions of a particular problem 
the most precise one is that which gives 
the smallest equivalent length. 

The approximate simplifying pro- 
cedures which I have described may 
usually be employed to advantage at 
least for parts of systems even when it 


is decided that the Hardy Cross system 
must ultimately be used in the entire 
simplified system. 

Many computers who have used the 
Hardy Cross method have hit upon 
simplifications which seemed good to 
them, and still other improvements 
have been found and will be published. 
The numerous articles which have ap- 
peared in the literature of this sort are 
evidence of the value of Professor 
Cross’s basic and powerful method for 
precise solutions of what would other- _ 
wise be exceedingly complicated mathe- 
matical problems. 

I can imagine situations in which a 
comparison of the results of actual 
tests such as those described by the au- 
thor, with those of an analysis of the 
sort I have described would reveal the | 
presence of leaks, obstructions or 
needed reinforcements in the ee 
such as would not readily be discov-— 
ered in other ways. 
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ORDER YOUR WATER CONSERVATION BOOK NOW 


i, All water works men who have not yet ordered 


pba a copy of the book Water Conservation, heretofore 7 
sold for $2.00 a copy, will want to order one or more 
The book has practical ideas for use in plan- 
ning water conservation programs. 
leak surveys to radio program scripts is covered. 
There are newspaper advertisements, mailing pieces 
and posters included in the Book, which can be ordered 
through the American Water Works Association. 
Write today for your copy of Water Conserva- 
It is now only $1.00. 
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Fabricated Steel Ring Flanges for Water Pipe Service for 
Low Pressures and Low Temperatures 


By H. O. Hill, 


MHHE only type of pipe flange for 
steel water pipe that has any rec- 
ognized standing in the industry is the 
forged steel flange in sizes up to and 
including 24-in. diameter. These have 
heen “designed” or copied directly 
from the cast-iron pipe flanges and 
have exactly the same thicknesses and 
other dimensions, except they are rated 
for 25 psi. higher pressure. 

There are no recognized standards 
for steel pipe flanges larger than 24-in. 
diameter. Forged steel flanges larger 
than 24-in. diameter are manufactured 
but the dimensions vary from those 
used for cast-iron flanges to thinner 
sections with higher pressure ratings 
but all lacking any degree of standardi- 
zation. 

Water pipe service requires flanges 
to operate in the range of 75 psi. to 150 
psi. at temperatures below 200°F. 
There is thus a great need for a rec- 
ognized design of standard steel flanges 
for operation at the low pressures and 
temperatures required for water serv- 
ice. Such flanges can readily be made 
from plates or slabs at a much lower 
cost than those made from forgings. 
Submitted herewith is a design study 

A paper presented on June 24, 1942, at the 
Chicago Conference by H. O. Hill, Asst. 
Chief Engr., with the co-operation of W. 
W. Lewis and H. J. Easter, Engrs., Bethle- 
hem Steel Co., Bethlehem, Pa. 
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. Lewis and H. J. Raster 


covering a series of plate ring flanges 
suitable for water service. 

It is the purpose of this paper to pre- 
sent designs for a series of flanges 
which will be suitable and economical 
for water distribution lines whic) 
function at pressures up to 150 psi, 
and temperatures not exceeding 200°F, 

A great many flanges are being used 
on water pipe, some being used for 
connections between pipe and_ valves, 
and some engineers specify that certain 
critical portions of their lines be 
flanged. 

Since there are no recognized stand- 
ard steel flanges suitable for this class 
of service the pipe fabricators have 
been compelled to resort to one of two 
choices: 


(1) Furnish flanges to conform 
with American Standards Association 
specifications—Steel Pipe Flanges and 
Flanged Fittings A.S.A. (Bl6e— 
1939), or (2) furnish flanges of thew 
own design. 

From the water works viewpoint 
there are three main objections to the 
A.S.A. standard flanges, namely: 


(1) They were designed for pres 
sure-temperature ratios far in excess of 


those encountered in the water works 


field, consequently — they are not eco 
nomical. 
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(2) The A.S.A. standard steel 
fanges are limited in size to 24-in. 
diameter. Water distribution lines 
range in size up to 96-in. diameter and 
a few have gone as high as 120-in. 
diameter. When A.S.A. flanges are 
specified for sizes over 24-in. diameter, 
it becomes necessary to resort to the 
A.S.A. cast-iron standards for dimen- 
sions. 

(3) There are no A.S.A. standard 
steel flanges for pressures of 150 psi. 
or under and temperatures not exceed- 
ing 200°F. pressure-tempera- 
ture ratio is about the maximum ever 
encountered in water lines. Prac- 
tically all water distribution lines are 
buried and probably never have tem- 
peratures exceeding 60° to 70°F. 

The 150-lb. A.S.A. Steel Flanges 
(Bl6e—1939) were designed for oper- 
ating pressures of 150 psi. when sub- 
jected to a temperature of 500°F. On 
a supplementary pressure-temperature 
ratio table these same flanges have a 
pressure rating of 230 psi. when oper- 
ating at 100°F. and 220 psi. at 150°F. 

It is not economical to use 230-Ib. 
flanges for services varying from prob- 
ably 25 psi. up to 150 psi. It surely 
cannot be considered sound engineer- 
ing since they do not furnish a bal- 
anced design for the complete installa- 
tion. Furthermore it is a needless 
waste of material, which is a serious 
problem now, and should not eal at 


Flange Design | 

During the past 12 or 14 yr. there 
have been considerable data published 
on the design of both ring and hub 
type flanges. The publishing of these 
data has brought forth enlightening 
discussions out of which has evolved 
a fairly simple method of designing 


loos 
se ring flanges ae 


a complicated 
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but workable method of designing hub 
flanges. The American Society of 
Mechanical Engineers and the Ameri- 


can Petroleum Institute—American 
Society of Mechanical Engineers 


codes have adopted standard proced- 
ures for flange design, both of which 
are outgrowths of the aforementioned 
papers and _ discussion. Based on 
these same methods of design the A.S. 
A. has set up a table of standard 
flanges for pipe up to and including 
24-in. However, the available pub- 
lished data and the various codes ap- 
parently have overlooked one impor- 
tant phase of flange design, i.e., ring 
flanges attached or “fixed” to the pipe 
shell. 

Ring flanges, as interpreted by the 
codes and by most publications, have 
been considered as loose flanges or as 
flanges for the Van Stone type of 
joint. Fixed or integral flanges usually 
have been treated and designed as hub 
flanges, made integral with the pipe 
shell by butt welding. Other factors 
which appear to have been adhered to 
are high temperature, and, for most of 
the published data, high pressures. 

For these designs we have adopted 
the ring flange, or a flange without a 
hub, attached to the pipe by fillet welds 
and which is to function at pressures 
of 75 and 150 psi. (Fig. 1) and tem- 
peratures not exceeding 200°F. This 
type of flange has been selected for 
several reasons: 

(1) It has been used extensively 
over a period of years and has given 
excellent service. 

(2) It is economical. 

(3) It can be fabricated by means 
of common fabricating tools such as 
flame cutting, machining and welding. 

(4) It may be cut from a solid plate 
or slab or made from several bars 
formed or cut and welded together to 
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PROPOSED DRILLING 
Fic. 1. 


form a complete ring thus eliminating 
waste from centers on large diameter 
pipe. It is proposed to set up designs 
of a series of standard flanges, for 
water pipe, ranging in size from 4- to 
120-in. diameter, and embracing those 
sizes most commonly used. 

In order to design flanges a number 
of factors must be established, and for 
standard flanges, these same factors 


must be standardized. These items 
are as follows: Sh 


. Unit stress in pipe wall 
. Unit stress in flange 
Unit stress in bolts 
Type and material of gasket 
Gasket load 


6. Bolt load ai 
7. Bolt size 


8. Bolt circle diameter 
9, Spacing of bolts en: 
10. Width of gasket rs at: 


11. Inside diameter of flange 
2. Outside diameter of flange 


wh 


mn +t 
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Comparative Size of 72 In. Flanges 150 Pounds Per Sq. In. Working Pressure. 


With the above information the de- 
sign of a flange becomes a relatively 
simple matter. 


Unit Stress in Flange and Pipe 


For uniformity of the design the 
stress in the pipe wall and the stress in 
the flange should have the same limit- 
ing value. The value assigned in the 
following series of flanges is 13,500 
psi. 

Unit Stress in Bolts 


The unit stress in the bolts may have 
any assigned value depending upon the 
physical properties of the bolt material 


.but in the present case the allowable 


stress has been set at 13,500 psi. 


Type and Material of Gasket 


Gaskets may be of innumerable types 
and materials and the suitability of one 
type over another is still causing con- 
siderable controversy. Most of the 
published information on gaskets (8 
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9, 10, 11, 13, 14) deals with high-tem- 
rature and high-pressure service. 
Waters, Wesstrom and Williams 

(8) have the following comments: 


Gaskets are of many types so that no at- 
tempt will be made to classify them all, but 
there are a few commonly used types that are 
easily described. On low-pressure, low-tem- 
perature work it is common practice to use 
a full-face gasket extending to the outside 
diameter of the flange and with the bolt 
holes cut out. Such gaskets are usually soft 
and require a low unit compression to keep 
them tight. It is rarely that a contact-pres- 
sure ratio of more than one or two is re- 
quired. 

Another usual type is a wide-ring gasket 
extending from the inside diameter of the 
joint to some point within the line of bolts. 
If this type of gasket were made of a rubber 
composition or something similar, it would 
be expected that a small gasket compression 
would hold the joint tight, but if the gasket 
material were a hard substance like asbestos 
composition, a higher unit compression would 
be required. If such a wide-ring type of 
gasket were made of hard metal the unit 
compression would need to be still higher. 
Such gaskets are usually applied to a flat 
or raised face on the flange and, generally 
speaking, their use is limited to 300 psi. and 


750°F. 


The second type mentioned above, 
ie., wide-ring gasket extending from 
the inside diameter of the joint to 
some point within the line of bolts, will 
be adopted here, using a cloth-inserted 
rubber as the material. For this ma- 
terial, we will assume a yield point of 
750 psi. and this value will be used 

hereinafter. 
Gasket Load 

The subject of gasket load is treated 
by Waters, Wesstrom and Williams 
(8) from which the following is 


quoted : 


A well-designed flanged joint must put 
sufficient pressure on the gasket to hold the 
joint tight at all times without overstressing 


the flange and bolting material. The pres- 
sure is applied to the gasket by means of the 
bolting. The further discussion may be easier 
to follow if we first examine the conditions 
that exist in bolted connections under service 
conditions. When these bolts are initially 
set up the internal fluid pressure is not pres- 
ent and the total bolt load is available to seat 
the gasket and insure full bearing and con- 
tact over its entire surface. The pressure is 
then applied and the force compressing the 
gasket is diminished to a greater or less ex- 
tent, depending on the relative elasticity of 
the bolting and the gasket. This residual 
force required to keep the joint tight is the 
gasket force (compression). 

The unit gasket compression is, of course, 
expressed in pounds per square inch, and is 
most commonly designated in terms of a 
multiple of the internal working pressure 
of the vessel, which multiple is known as 
the contact-pressure ratio. In other words, 
the contact-pressure ratio is the ratio of the 
unit contact (gasket pressure) to the unit 
internal pressure. 


For the cloth-inserted rubber wide- 
face ring gasket selected here, a con- 
tact-pressure ratio of } or 0.75 has 


been selected as suitable and adequate. 


BoltLoad 

The bolt load is determined as fol- 
lows: 


The minimum bolt load, W, is deter- 
mined from the gasket yielding load or 
from the gasket pressure load plus the 
hydrostatic end load (whichever is 
greater ). 

The hydrostatic end force is the 
product of the internal pressure and 
the area bounded by the diameter of © 
the pipe. 

The gasket pressure load is deter- 
mined by multiplying the internal pres- 


sure by the contact-pressure ratio and 


then multiplying this value by the an-— 
nular area of the gasket or compression — 
surface. 
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The gasket yielding load is deter- 


mined as follows: 

Gasket yielding load nay 

Where n == effective gasket yielding 
width = 4 width of gasket 

for flat gasket 

@==mean diameter of gasket 

-¥==yield point of gasket ma- 

a. terial 
Bolt Size 


The size of bolts will be affected by 
spacing limitations as well as load re- 
quirements. In general, small bolts 
should be avoided due to the ease with 
which they may be broken by careless 
workmen. No hard and fast rule can 
here be set down for size of bolts. In 
the present case their size has been 
made to conform more or less to cur- 
rent practice as well as to satisfy load 
and spacing requirements. 


Bolt Circle Diameter 


In general, the bolt circle should be 
maintained at a minimum value. 

In the present case, the bolt circle 
has been determined as follows: 

Diameter of bolt circle, b = inside 
diameter of pipe + 4 (max. t) +2 
(constant for wrench clearance). 

The basis for the above is as fol- 
lows: 


It will be noted that in Table A there 
are two thicknesses of pipe. The first 
is the actual design thickness and the 
second is a value listed as maximum 
value for bolt circle calculation. The 
reason for this latter thickness is that 
water pipe is often, for practical rea- 
sons, made thicker than required by 
design stresses. By using the maxi- 
mum value which is likely to occur for 
the given pressure requirements, the 
bolt circle is moved out to a maximum 
value, thus increasing the bolt load, 
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W, and providing a factor of a safety 
where the thickness actually used jg 


It will also be noted from Fig. 2 that 
a fillet weld is provided at the june- 
tion of flange and pipe of size equal to 
the thickness of the pipe; therefore. 
for the bolt circle it is necessary to add 
four thicknesses to the inside diameter 
of the pipe in addition to a constant for 
wrench clearance which is dependent 
upon the size of bolt used. The value 
of this constant is given below. 


Values of Constants for Bolts 


Diameter Constant for Width of Nut 
of Bolt Wrench Clearance Across Corners 
1.01 
1 1.23 

3 

1} 1.66 

13 
13 23 3.96 


The Waters-Taylor A.S.M.E. paper 
(1) recommends a bolt spacing of at 
least 2} bolt diameters between centers 
to avoid high-stress concentration. 

The maximum bolt spacing to pre 
vent gasket blow-out or leaks is con- 
troversial. In the present paper a 
maximum spacing of 5 bolt diameters 
has been adhered to with two or three 
exceptions and these exceptions, in 
most cases, conform to spacings giver 
for identical size A.S.A. flanges. 


Width of Gasket 


The outside diameter of the gasket 
has been made something less than the 
diameter of the bolt circle at the inner 
edge of the bolts to insure ease of as 
sembly and prevent the gasket frow 
obstructing the bolt holes. The valu 


Spacing of Bolts 
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of these constants so chosen are shown 


in Fig. 


For the present series of flanges the 
inside diameter of the flange has been 
taken as the outside diameter of the 
pipe using: the minimum thickness of 
pipe. This gives the maximum bolt 
load and therefore provides additional 
strength if thicker pipes are used. 


Inside Diameter of Flange 


Outside Diameter of Flanges 
The outside diameter of the flange is 
determined in accordance with the 


trom and Williams (8) which is as fol- 


lows: 


must be large enough to seat the bolt 
with some manufacturing tolerance to 
A safe rule to follow is: 


Outside diameter of flange = (Bolt 
circle) + (Width of nut across cor- 
ners) + 2 in. 

The 2 in. is made up of the following 
factors : 


spare. 


the nuts to allow full seating; manu- 
facturing tolerance, 4 in.; a total of 
3 ” 
In. 


Flange Face 
A flat face flange has been adopted 


to be satisfactory in years of service. 
Raised face flanges would induce in- 
creased bending in the flanges and pipe 
shell and would require thicker sections 
than are necessary for this class of 
service. 


STEEL 


method as given by Walters, Wess- 


“The outside diameter of the flange 


Oversize of bolt hole, 4 in.; outside _ 


for this low-pressure and low-tempera-_ 
ture service because such have proven 


RING FLANGES 
> 

OUTSIDE DIAMETER OF FLANGE % 


DIAMETER OF BOLT CIRCLE=b 


OUTSIDE DIAM. OF GASKET=e 
 __ 
MEAN DIAM. OF GASKET = a 


Hp Hp 
INSIDE DIAM. OF FLANGE=4 


ow 


hd 


Fic. 2 


Nomenclature: 


t = Thickness of pipe wall 


p =Internal working pressure in pounds per 

square inch. 
id. =Inside diameter of pipe in inches. 

s =Allowable unit stress in pounds per square 
inch = 13,500. 

b=Diameter of bolts circle =inside diameter 
of pipe+4X (max. t)-+2X (constant for 
wrench clearance). 

e =Outside diameter of gasket =) — (diameter 
of bolt +3 in. for pipe up to 24-in. id.. 


in. for pipe from 24- to 48-in. id. and 
ter fi: hould be 1 

diameter of flange should be $ in. {| in. for pipe over 48-in. id.). 

larger in diameter than the swing of 4 _\fean diameter of gasket = - 


d=lInside diameter of flange and gasket = out- 
side diameter of pipe. 

c=Outside diameter of flange=b+width of 
nut across corner +? in. 

w=Total bolt load =hydrostatic end force 


[= »| +gasket pressure EKG —d*) Xp 


x0.75| or gasket yielding load | wa X750 


whichever is the greater. 
a’ =Lever arm from hydrostatic and pressure 
(H p) to bolt circle. _ 
b’=Lever arm from gasket pressure and 
gasket yield load H «y to bolt circle. 


= Thickness of flange. 
e—d 
n =Width of gasket 


4 
4 
T 
ov 
wt 
INSIDE DIAM. OF PIPE — De eae 
— 
1.23 = 
ag 
2.53 
96 
= 


Design Basis 


The flange shall be treated as a can- 
tilever beam made integral, at its inner 
peripherary, with the pipe wall by 
welding. To determine the thickness 
of flange required, a unit width of 1 
in. of the flange has been used. 

The following assumptions 
been made: 


have 


1. The bolt load is distributed uni- 
formly over the circumference of the 
bolt circle. 

2. The allowable unit stresses for 
the the pipe wall, flange and bolts shall 
not exceed 13,500 psi. 

3. A cloth-inserted rubber ring gas- 
ket shall be used. 

4. A contact-pressure ratio of 
0.75 has been selected as suitable and 
adequate for the cloth-inserted rubber 
gasket. 

5. A gasket yield point of 750 psi. 


The total hydrostatic end force 
(Hp) is equal to the product of the in- 


ternal pressure and the area bounded 
by the diameter of the pipe: 
Bre & 
? 
Hp = 


and the hydrostatic end force on a unit 
width of 1 in. of the flange will then be 
1 

Hp per lin.in. = —— X > = 
ne 
The total gasket pressure force (J/g) 
is the product of the internal pressure, 
the contact-pressure ratio and the area 
of the gasket or compression surface. 


He = 0.75xp wae (See Fig. 2.) 


and the gasket force 


V oll. % 


unit width of 1 in. of the flange wil} 
then be 


Hg per lin.in. 


e—d 
=0.75p ( 
2 
Z 
The total gasket yielding force 


(HGy) is the product of one-half the 
width of the gasket, the mean circum- 
ference of the gasket and the gasket 
vield point 


HGy = 750ra X (‘ 
Z 


=- (e? — #) 


and the gasket yielding force for a unit 
width of 1 in. of the flange will then 
be 


per lin.in. 


The total bolt load (W) is equal to 
the gasket yielding force or the sum of 
the gasket pressure force plus the hy- 
drostatic end force (whichever is the 
greater ) 


W = HGy or HG + HD (whichever 
is the greater) 
or 


(whichever is the greater) 


- 10.75(e? 


jin 


lin 
to’ 
for 
lin 


lin 
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MoMENTS: 


Due to hydrostatic end force per 
dp 
lineal inch = Muyp = x a’ 


Due to gasket pressure force per 
lineal inch = Myg = 0.75 pn X b’ and 
total moment due to hydrostatic end 
force and gasket pressure force per 
lineal inch = Mup + Mue 

Due to gasket yielding force per 
lineal inch = Myay = 375 Xb’ (5) 
Section Modulus of flange section per 
lineal inch 


= (da’ + 3nb’) (A) 


: 


TY 


_M 
6 13500 


and 


M=Edgq. (4) or Eq. (5) whichever 
is the greater i 
_6(Mun+Muc) 


+ 
13500 
_ p(da' + 3nd’) 
a 9000 (6) 
or a= 
Ti’ = 73500 ~ 6 7) 


whichever is the greater. 


q 

4 
force 
alf the = 
gasket 

MAA A 

Fic. 3. Attachment of Flange to Pipe. 
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Performance Satisfactory 

The foregoing “factors” in flange de- 
sign as used in this paper have been 
summaried in Figs. 2 and 3 and Table 
\. The design of a series of flanges 
ranging in size from 4 to 120 in. by the 
Cantilever Analogy,” using working 
pressures of 75 and 150 psi. ; maximum 
temperature of 200°F.; unit stresses in 
pipe. flange and bolts of 13,500 psi. ; 
doth-inserted rubber flat ring gaskets 
and maximum bolt spacings of 5 di- 
ameters is summarized in Tables B and 
C and Fig. + for ready reference. 

It is believed that this 
fanges will perform satisfactorily for 
the service condition stipulated and 
that they will satisfy a long felt need 
jor a series of flanges for steel pipe for 
water or oil transmission. 

Criticism of the flanges in Tables B 
and C may be advanced on the basis 
of the following : 

The flanges in Tables B and C do 
not have drilling templates which will 
match the drilling of any existing 
fanges or fittings. This that 
new pipelines tying into existing lines 
or fittings must have special flanges for 
these particular connections, unless 
the valve and fitting manufacturers 
would adopt the new drilling templates. 


series of 


means 


Solution Offered 

The following is offered as a solu- 
tion to this problem: In Tables D and 
EK are a series of flanges which were 
designed by the same method as those 
in Tables B and C, but the drilling 
templates are those adopted as Ameri- 
can Standard for Cast-Iron Pipe for 


125 psi. Working Saturated Steam 
Pressure (American Standard Cast- 


lron Pipe Flanges and Flanged Fit- 
tings-Class 125 A.S.A. Bl6a—1939). 
The bolt circle diameters, size of bolts, 


number of bolts and spacing of bolts 
all conform to the above-mentioned 
standard. The other dimensions were 
determined in accordance with the 
methods used in Tables B and C and 
the Chaitin Analogy” was used as 


the design formula. 


Saving Plate Material _ 


It will be noted in Table F, 
compares values of Tables B with D, 
showing 75-lb. flanges and C with E, 
showing 150-lb. flanges, that the pro- 
posed new drilling effects a very con- 
siderable saving in plate material and 
appreciable saving 


which 


bolts and therefore 
in costs, with no loss in strength. 
Therefore, for a flanged pipeline, it 
would seem economical to use two dif- 
ferent types of flanges, i.e,, for new 
flanged connections use the flanges in_ 
Table B or and for connection to | 
existing flanges and fittings use the_ 
flanges in Table D or E until such time_ 
as consumer demand would warrant a _ 
change-over of drilling templates by 
valve and fitting manufacturers. 
Table G gives a comparison of the ve 


dimensions of the proposed flanges, 
also A.S.A. standard cast-iron and 
@ at 
1. Everett O. Waters & J. Hatt Tayior. 
The Strength of Pipe Flanges. Mech. — 
Eng., 49: 531 (1927). 

2. S. TimonsHenko Discussion. Meth- 
ods of Determining the Strength of 
- Pipe Flanges. Mech. Eng., 49: 1340 

(1927). 
A. M. Want & G. Lopo, Jr. Stresses 
and Deflections in Flat Circular Plates 
With Central Holes. Trans. A.S.M. | 
E., 52: 29 (1930). 
4. O. & Kart AXELSON. 


Analysis of Stresses in Circular Plates — 
and Rings. Trans. A.S.M.E., 54: 13 
(1932). 
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5. R. J. Roark. Stress and Deflections in 9. C. O. SANpbstrom. Bolts and Flanges 
Flat Plates. Product Eng., 7: 252- for Tanks and Heat Exchangers 
283 (1937). Chem. & Met. Eng., 40: 67 (1933), 

.T. McLean Jasper, H. Grecersen & 10. E. C. Petrie. Flanged Piping Joints 
A. M. ZoeLLNEER. Strength and De- Methods for Applying and Determip. 
sign of Covers and Flanges for Pres- ing Bolt Stresses. Heating, Piping 
sure Vessels and Piping. Heating, and Air Condg., 8: 303 (1936). 
Piping and Air Condg., 8: 605, 672 11. J. D. Mattimore, N. O. SMITH-Pergp. 
(1936) : 9: 43, 109, 174, 178, 243, 311 SON & H. C. Bett. Design of Flanged 
(1937). Joints for Valve Bonnets. Trans, A 


S.M.E., 60: 297 (1938). 
12. D. B. Rossnem, E. H. § 
H. G. Otiver. Tests of Heat-Ex. 
changer Flanges. Trans. A.S.ME. 


. Everett O. Waters, D. B. Wesstrom, 
D. B. Rossuem & F. S. G. WILLIAMS, 


Formulas for Stresses in Bolted 


Flanged Connections. Trans. A.S.M. 60: 305 (1938). 

: E., 59: 161 (1937). : 13. E. C. Petrie. The Ring Joint, Its Rela. 
8. Everett O. Waters, D. B. WesstroM & tive Merit and Application. Heating 
F. S. G. Design of Bolted Piping and Air Condg., 9: 213 (1937), 
Flanged Connections. Mech. Eng.,56: 14. Modern Flange Design. Taylor Forge 
736, 763 ( 1934). and Pipe Works, Chicago, Il., (1938), 


The American Standards frequently referred to by the authors of the above 
paper are the following: 


Cast-Iron Pipe Flanges and Flanged Fittings, Class 125 (B16a-1939) ... $0.6 
Cast-Iron Pipe Flanges and Flanged Fittings, for Maximum Working 

Saturated Steam Pressure of 25 Lb. per Sq.dn. (Gage) (B16b2-1931) $0.40 
Steel Pipe Flanges and Flanged Fittings of 150, 300, 400, 000, 900, 1500 
2500 Lb. per Sq.in. (Gage), at Temperatures Ranging From 100 to 
1000 F., Including Welding Neck Flanges, Ring Joints, and Bolt 


The above standards may be obtained from the American Standards As- 
sociation, 29 West 39th Street, New York, N.Y. 
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Maximum and Minimum Thicknesses of Pipe Shell for 75 and 150 Psi. Working Pressure 
for Bolt Circle Calculations 


4 


s | 6 


Pressure = 75 |b. 
Unit Pressure = 13,500 
= Xid. 
~ 2 X 13,500 


Decimal 


0.01 
0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.05 
0.06 
0.06 
0.07 
0.07 
0.08 
0.08 
0.09 
0.10 
0.11 
0.12 


| 


of 


Thickness of Pipe, ¢; Inches 


Maximum 
Value 
for Bolt 
Circle 
Calculation 


| 
| 
| 


Decimal 


Ihickness for Pipe, ¢: Inches 


Pressure = 150 Ib. 
Unit Pressure = 13,500 
150 & id. 


~ 2 13.500 


Fraction 


0.02 | 
0.03 

0.04 | 
0.05 | Js 
0.07 Js 
0.08 | 
0.09 
010 
0.11 
0.12 
0.13 
0.14 
0.16 
0.17 
0.18 | 
0.20 | 
0.22. | 
0.23 | 
0.25 
0.27 
0.30 
0.33 
0.37 
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A.S.A. Standard 
Class 125 Cast- 
Iron Flanges 


‘TABLE F 
Comparison of Thickness and Weights of Flanges 


Steel Ring Flanges 
Drilling Same as 
A.S.A. Bi6a-1939* 


Steel Ring Flanges 
With Proposed 
New Drilling Templates 


as: 


2 
Diam 
eter 
125 Wsp. 75 Psi. 
Wt. Thk. Wt 
4 | 15 6 
5 7 
6 1 24 } 8 
8 | 1} 39 } 11 
10 | 14 52 } 14 
12 | 13 80 23 
14 13 102 +s 28 
i 140 42 
20 1k 170 50 
24 | 1f 260 13 74 
26 
28 
30.2 360 15 114 
33 
34 
36 | 23 520, 1 174 
38 
39 
40 
42 23 750 lis 251 
45 
48 | 23 920 | 135 327 
54 3 1150 135 415 
60 3h «| 1400 | 12% 529 
6 
2 34 2040 830 
78 
33 | 2840 | 1179 
43 | 3820 | 25% | 1639 
| 
art 


i 


Thk 


ow 


* American Standard Cast-Iron Pipe Flanges and 


2 


3 4 
50 Psi. 75 Psi. 
Thk. Wt. 
= 5 
| 7 
si 7 | 
13 } 10 | 
20 } 13 
34 | 3 15 
| 42) 24 
| 54 29 
58 ; 36 
72 47 
60 
103 3 65 
75 
100 
153 13 118 
1 142 
2450 164 
177 
| 3571] 1% | 238 
1} 261 
452 | 13 282 
595 13 364 
740 | 14% 421 
1} 479 
1173 | 1% 540 
13 608 
1643 1223 675 | 
13 783 | 
2259 13 865 
113 914 
17 996 
118 | 1087 
2 1172 


| 
Flanged Fittings, 


5 Pipe 
Diam. 
eter 
150 Psi. 

Thk. We. 
| 5 4 
5 
} 7 6 
13 8 
17 10 
23) 
14 
42 16 
13 46 18 
1 74 20 
1 | 80 2? 
17; 92 24 
98 26 
1} «144 28 
| 157 30 
13 | 201 33 
34 
| 226 | 36 
38 
1} 254 39 
40 
13 343 42 
13 392 45 
431 48 
17 492 54 
2 578 60 
24: 646 66 
25 778 72 
2} 862 78 
2% | 943 | 8 
2? | 1029 90 
27, | 1117 % 
2°; | 1303 | 102 
2: 1401 108 
2: 1470 114 
2!) | 1566 120 

| 
Class 125. 
@ 


Ne 


( 
RNAI 
WORK 
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ag 
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90 
96 
102 


108 
114 
120 
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FABLE G 


Comparison of Various Steel and Cast-Iron Flanges 


| Proposed New Flanges Proposed New Flanges Proposed New Flanges 
} 150 Psi. Working Pressure 150 Psi. Working Pressure 75 Psi. Working Pressure 
New Drilling Templates 125 Psi. C.I. Drilling New Drilling Templates : 
Diameter Steel Flanges Steel Flanges Steel Flanges 
ol 
OD. Bolt Thick. OD. Bolt Thick. | OD. Bolt Thick. 
of Circle ot ot Circle of of Circle of 
Flange | Diam. Flange Flange Diam. Flange Flange Diam. Flange 
8 6] 4 4 4 
5 10 | 
6 | 103 1 | 4 103 4 
8 134 112 ts 13} 113 fs 13 | 113 } 
10 15% 133 5 16 14} 1} 15% | 133 } 
12 18 16 19 17 17% 152 
14 20 18 3 21 183 20 | 18 
16 224 203 13 234 21} 223 20 
18 243 22! 25 | 223 15 244 221 
20 274 25 1 27 25 1 27 243 
22 293 27 | 294 | 27 
24 313 29 17; 32 293 1} 314 29 3 
26 335 31 17; 334 31 13 
28 363 34 i} 364 34 z 
30 38? 36 1} 383 36 | 93 38} 36 1s 
33 42} 393 13 42} 39} | 
| 
36 451 42} | 46 | 422 1} 45} 424 | 
| 
39 48} 454 1} 48} 45} 17 
4? 52} 493 in | 53 494 1 524 493 175 
45 553 522 13 55} 523 1} 
48 583 553 113 | 56 113 58} 554 1} 
54 642 61} 1; | 66} 62} 2% 642 612 | 13 
60 703 673 69} 23 703 673 
66 76; 732 | | | 768 733 | 
72 831 80 2 864 824 2 823 793 1,’ 
78 89} 86 2} 883 853 13 
84 95} 92 235 99? 95} 23 943 913 1323 
90 101} 98 2? 101; 98 13 
96 107} 104 113} 1083 35 107} 104 133 
102 1132 110} 113} 110 
108 | 119% 116} 23 119} 116 1; 
114 | 125% 1223 2; 1254 122 148 
120 1313 128} 2H | 131} 128 2 


Nore: 1. The A.S.A. flanges are based on 150 psi. at 500°F. and are rated at 230 psi. at 100°F. 

2. The Am. Std. 125-lb. cast-iron flanges, the A.S.A. 150-Ib. flanges are identical, 
excepting material. 

3. The Am. Std. 125-lb. and the Am. Std. 25-Ib. flanges have the same drilling tem- 


plates. 
~ 
> 4 
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Pipe 
Diam 
| eter 
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‘ 
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. 
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16 
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22 
24 
%6 
28 
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33 
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39 
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TABLE G—Continued 


Comparison of Various Steel and Cast-Iron Flanges—Continued 


Vol. % 


Proposed New Flanges 
75 Psi. Working Pressure 


125 Psi. CI. Drilling 


Steel Flanges 


| 
t Am. Stds. Assoe, 
150 Psi. Flanges 
Standard Drilling 
Steel Flanges 


* Am. Std. 
t Am. Std. Cast-Iron Pipe Flanges and Flanged Fittings for Max. WSP of 25 Lb. 


(B16b2-1939). 


OD. Bolt Thick 
of Circle of 
Flange | Diam...) Flange 
9 73 3 
10 83 3 
11 9} 3 
13h | 113 } 
16 | 144] 3 
19 17 
21 | 183) 
234 | 213 3 
25 | 4 
274 | 25 | 
32 293 13 
383 | 36 15 
46 423 | Ive 

| 
53 | 493 | 13% 
593 | 356 | is 
66: | 622 | 1%, 
73 | 693 | 1% 
864 | 823) 18 
997 | 954 | 
113} 25, 


OD. Bolt | Thick. 
of Circle | of 


* Am. Std. CI. Pipe + Am. Std. CI. Pipe 
125 Psi. Max. W.S.S.P. 25 Psi. Max. W.S.S.P. 
Standard Drilling Standard Drilling 
Cast Iron Flanges Cast Iron Flanges 
OD. Bolt Thick. | OD. Bolt | Thick. 
of Circle of of Circle of 
Flange | Diam. | Flange | Flange | Diam. | Flange 
9 7} 1é 9 73 i 
10 | 48/1 10 | 3 
11 93 | 1 11 | 98 
13} 112 1} 133 112 2 
16 14} 16 14} 
19 17 1} 19 17 1 
21 18? 13 21 183 1} 
234 | 213 | | 234] 213] 18 
25 223 1x 25 13 
273 25 | 1# 273 25 13 
32 | 202] 12 | 32 | 298] 13 
383 36 2} 383 36 1} 
46 423 23 46 423 13 
| 
53 493 23 53 | 494] 12 
| 
593 | 56 | 23 593 | 56 | 2 
66: | 623 | 3 664 | 623} 2} 
73 69} 34 73 | 693; 2: 
86} | 823 | 33 | 86} | 823 | 23 
993 | 954 | 33 | 993] 952) 23 
| 
113: | 1084 | 43 | 113 | 1083 | 3 
| | | | 


t Steel Pipe Flanges and Flanged Fittings. A.S.A. (B16e-1939), 


Flange | Diam. | Flange 
9 | 
10 | 
93 
134 113 i 
16 143 1% 
19 17 1} 
21 | 183 | 
234 | 213 | 1% 
25 | 223 | 19% 


Cast-Iron Pipe Flanges and Flanged Fittings Class 125 A.S.A. (B16a-1939), 


ASA 


to 
pu 
pul 
uti 
to 
for 
me 
dus 
of 
( 
allo 
( 
citi 
and 


SON 


miss 


— 
a 
| 
| 
d 
pa 
stat 
$0 
pres 
gan 
H. ¢ 


HE Michigan Public Improvement 

Fund Act is “an act to create a fund 
to assist local units of government to 
defray the cost of preparing certain 
surveys, plans and _ specifications; to 
provide for the disbursement of said 
fund; and to make an appropriation 
therefor.” 

The appropriated sum of $5,000,000 
s “to cover one-half the cost of pre- 
paring surveys, plans and_ specifica- 
tions from which the construction of 
public buildings, highways and streets, 
publicly-owned and operated facilities, 
utilities and services may be projected 
to be undertaken as postwar activities 
for the purpose of providing employ- 
ment during the period of postwar in- 
dustrial dislocation and resulting period 
of unemployment.” 
One million dollars of the fund is 
allocated for county road commissions. 
One million dollars is allocated to 
cities, villages and townships for street 
and public improvement propects ap- 
portioned on the basis of the 1940 
census of the local unit to the total 
state census. The per capita share is 
$0.16944. The public works official, 
to determine his approximate share, 
should multiply his 1940 census figure 


A paper prepared by Adrian Langius and 
presented on April 27, 1944, at the Michi- 
gan Section Meeting, Jackson, Mich., by G. 
H. Gibson. Both Mr. Langius and Mr. Gib- 
son are members of the State Planning Com- 
mission, Lansing, Mich. 


State Assistance in Engineering Design and Planning 


By Adrian Langius 


can be figured in the local unit share. | 
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by $0.16944. Local units with a popu- 
lation of less than 1,182 receive the 
minimum established by the act—$200. 

Three million dollars of the fund is 
earmarked for counties, cities, villages 
and school districts on the basis of the 
ratio of the population of the city or 
village to the total state population 
(1940 census) plus the total state 
school census. The per capita share 
is $0.4507053. County population is 
determined by subtracting the total for 
incorporated areas from the county 
total. City and village combined per 
capita share is $0.62. 

Any project to be constructed with 
public funds, which requires the serv- _ 
ices of an architect, engineer or sur- 
veyor for the preparation of plans of 
specifications, is eligible. The local 


unit will be reimbursed for —_ | 


the actual cost of the plans. 
Plans and specifications may be pre- 
pared by employees of public works © 
departments or by contract with con- | 
sulting engineers, architects or sur- 
veyors. In either case, the work must _ 
be performed or supervised by a reg-— 
istered architect, engineer or surveyor. — 
Expendable materials, office and equip-_ 
ment rental, etc., over and above the — 
normal operating costs of the govern-— 
mental unit, together with the payroll, _ 


Construction costs estimates and fees 
for plans will be determined by adding | 
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to the 1940. local the 
percentage of increase in average con- 
struction cost indexes for 1943 over 
1940, as determined by Engineering 
News-Record. 

Because the Michigan Planning 
Commission began encouraging local 
units of government to start drafting 
plans about October 1, 1943, applica- 
tions may be submitted for one-half 
the cost of preparing plans and _ spe- 
cifications retroactive to this date, pro- 
vided the plans were not completed 
prior to March 8, 1944. 

All or part of the original allot- 
ment must be applied for prior to No- 
vember 1, 1944. After this date all 
funds which have not been applied for 
and earmarked will become available to 
units needing additional funds, pro- 
vided they have applied for all or part 
of the original grant prior to Novem- 
ber 1, 1944. All funds not applied 
for by June 30, 1945 will revert to 
the general fund of the state. 

There is no obligation connected 
with making an application and there 
will be a period following June 30, 
1945, during which public works of- 
ficials will be reimbursed for one-half 
the actual cost upon completing and 
submitting plans and _ specifications. 

The procedure for applying for and 
obtaining state aid for plans is: 

1. Write the Michigan Planning 
Commission for forms and manual. 

2. Fill out triplicate forms for each 
project to be planned and return to the 


average costs, 


commission, 

3. The plans will be referred to the 
state agency concerned for approval. 
For example, all highway and related 
projects will be referred to the High- 
way Department, water to the Health 
Department, sewage to the Stream 
Control Commission, schools to the 
Department of Public Instruction. 


al 


This approval, as well as that of de. 
tailed plans and specifications later, js 
from a technical standpoint and is the 
same type of approval that has beep 
necessary in the past. It is the policy 
of the commission that planning is 
function of local units of government 
and should be done by local people 
familiar with the community needs, 

4. Upon approval by the state ageney 
concerned the application will be re. 
ferred to the State Administrative 
Board which will process the form, 
earmark the amount of the grant for 
the unit and return one copy of the 
form to the applicant. 

5. Payment will be made for one. 
half the actual cost of preparing plans 
when two sets of completed plans and 
specifications, construction, labor and 
material estimates are submitted and 
approved. 

A certified copy of payroll and other 
costs and a state invoice voucher for 
the state’s share must be submitted 
with the plans. 

Public works officials are urged to 
file with the Michigan Planning Com. 
mission their complete public works 
programs, including projects already 
planned and prepared and _ those re. 
quiring state aid. 

The complete programs will enable 
the Planning Commission: (1) to co 
ordinate state and local programs and; 
(2) combined with unemployment stud- 
ies now being conducted by the Michi- 
gan Unemployment Compensatior 
Commission, to determine the ade. 
quacy of public works programs; (3) 
to act as a clearing house for informa: 
tion as to Michigan’s postwar pro 
gram; and (4) as the designated liason 
agency between the state and federal 
government, to present Michigan’ 
needs for federal postwar financial aid 
should that become necessary. 


pla 
but 
me 
litt 
pre 
Th 
pas 
par 
res 
it 1 
and 
ing 
ing 
dra 
old 
ther 
So, 
get 
cert 
we 
war 
sur 
\ 
fun 
time 
mec 
not 


A 
Micl 
by 
Eng 


4 
7 
4 
522) 
| 
| 
| 


“ol, 


of le- 
ater, js 
the 
S been 
policy 
ig is a 
rnment 
people 
‘ds. 
agency 
be re. 
trative 
form, 
int for 


of the 


r one- 
plans 
ns and 
and 
and 


| other 
er for 
mitted 


red te 
Com- 
works 
Jready 
se re- 


enable 
to co- 
s and; 
t stud- 
Michi- 
1sation 
(3) 
Forma: 
pro- 
liason 
‘ederal 
ligan’s 
al aid, 


N the first place, it must be deter- 

mined what is meant by postwar 
planning. This determination must be 
built up by sound thinking, good judg- 
ment and some guess work. There is 
little or no pattern to follow from the 
previous war or the depression period. 
There are only the final results of the 
WPA and PWA for a guide. In the 
past when the municipality, the county 
or the state knew what it wanted, pre- 
pared the necessary plans and accepted 
responsibility as sponsor, it got what 
it wanted. Those who had no plans 
and spent most of their time wonder- 
ing how much they could get for noth- 
ing, usually got cemetery leaf raking, 
drainage ditch cleaning and maybe some 
old trolley line rails removed. 

Today no one knows whether or not 
there will be any federal or state funds. 
So, as the starting point, why not for- 
get the question of financing? We 
certainly cannot finance anything until 
we know what we want and get that 
want into a practical form—itemized, 
summarized and blueprinted. 

We do know that the state has made 
funds available for planning. Some- 
time in the future—possibly at the im- 
mediate end of the war but possibly 
not until the present consumer demand 


A paper presented on April 27, 1944, at the 
Michigan Section Meeting, Jackson, Mich., 
by John M. Hepler, Director, Bureau of 
Eng., Mich. Dept. of Health, Lansing, Mich. 


Postwar Planning 


By John M. Hepler 


is satishied—there will be a_ period 


when labor and equipment must be em- 


ployed, and manufacturing must 


given a new source of orders. We 
must plan now for that period and the 
planning must follow one of two dis- 
tinct patterns: the first, a plan that can 
be put into action quickly and that will 
employ many men for a relatively short 
period of time; the second, a plan that 
can be worked upon and developed 
over a longer period and which will re- 
quire a longer period to consummate. 

Should the war end suddenly—be- 
fore the end of 1944 or before the 
alphabetical agencies can make up their 
minds whether industry shall be al- 
lowed to start retooling and preparing 


for conversion to consumer goods 
manufacture—the first plan will be 
badly needed. Should the war con- 


tinue at a constantly diminishing tempo 
so that war production tapers off grad- 
ually and industry gradually converts 
into consumer production, the second 
plan will be needed somewhere in the 
future. 

There is no phase of municipal ac- 
tivity that lends itself so easily to the 
development of a plan for either occa- 
sion than the water department. It 
has needs that have been known and 
talked about for the past 14 yr. Some 
of those needs were accomplished 
through WPA and PWA, but others 
have come to take their place. There 
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is a bigger backlog of projects avail- 
able now than there was at any time 
in the thirties. It behooves every one 
of us to get busy and find those proj- 
ects and bring them to the attention of 
the city council and the local planning 
commission. 

Analysis of needs can be divided 
into the two categories mentioned. 
Projects for quick utilization of labor 
involve additions to plant equipment, 
to distribution system and to operating 
improvements and might include: 


(1) Additional pumping equipment. 

(2) Additional  chlorinating —equip- 
ment. 

(3) Rebuilding filters. 

(4) Installation of gages, valves, 
meters, hydrants. 

(5) Extension of mains. 

(6) Connection of dead ends. | ve 

(7) Loop systems to bolster pressures. 

(8) Cleaning or reconditioning ele- 
vated tanks, reservoirs, basins, 
mains. 

(9) Replacing old services. 

Projects for delayed construction or 
for improvement of supply include: 


(1) Additional wells. 


(2) Construction of filter plants, jrop 

removal plants, softening or 

conditioning plants, elevated 
storage, and underground stor. 
age. 

(3) Installment of auxiliary power, 


Some of these items are dependent 
on additional equipment with little or 
no extra labor required. Others re. 
quire considerable extra labor and not 
much material. Both types of proj. 
ects are acceptable. Both types put 
labor to work, either in their many- 
facture or their installation. 

From the water works official’s view- 
point the major item of interest is to 
improve the utility and bring it up to 
current standards of efficiency, ade- 
quacy and dependability. Every change, 
addition or extension will contribute to 
the general planning picture of provid- 
ing necessary work when it is needed. 
That is why water works men are 
urged to list everything needed in the 
supply, storage, pumping, treatment 
and distribution departments ; build up 
projects to obtain those needs and sub- 
mit them to their city officials and local 
planning commission. 
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Postwar Financing in Michigan 
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HE power of a municipality to go 

into the water business is derived 
from the state constitution itself, and 
under Article VIII, Sec. 24 of this 
constitution, the municipalities are 
given the power to issue revenue bonds 
beyond the general limit prescribed by 
law on bonded indebtedness, provid- 
ing that the same are true revenue 
bonds secured only by the property and 
revenues of the water works. This 
same constitutional provision provides 
that, upon foreclosure, due to default 
upon the revenue bonds, the purchaser 
may operate the public utility and have 
a franchise for that purpose lasting 
not more than 20 yr. 

It is under this Article VIII of the 
constitution that Act 94 of the Public 
Acts of 1933 was passed and held con- 
stitutional by the Michigan Supreme 
Court in the case of Young v. City of 
Ann Arbor (267 Mich. 241). 

A bond secured only by the utility 
property and revenues is called a reve- 
nue bond, and a bond under which the 
full faith and credit of the city is 
pledged is called a general obligations 
bond. 

The legislature has placed certain re- 
strictions upon the issuance of general 
obligations bonds by municipalities. 


A paper presented on April 27, 1944, at the 
Michigan Section Meeting, Jackson, Mich., 
by Richard A. Sullivan, Public Utility Con- 
sultant, Detroit, Mich. 


By Richard A. Sullivan 


Under Sec. M.S.A. 5.1886, fourth-class 
cities can borrow not more than 5 per 
cent of their assessed valuation for 
building or extending their water works 
and such bonds can bear no more than 
6 per cent interest, nor can they be 
sold for less than par; and in order to 
issue such bonds these fourth-class 
cities must first have the approval of 
two-thirds of the property owners. 
Under the heading of property owners 
come husbands and wives of the prop- 
erty owners. It took a constitutional 
amendment to permit the wives and 
husbands of property owners to have 
the privilege of voting on security is- 
sues. 

This limitation placed upon fourth- 
class cities applies only to general ob- 
ligation bonds, since, under Article 
VIII of the constitution, these same 
cities are permitted to issue revenue 
bonds. In general, the home rule cities 
have the same restrictions that apply 
to fourth-class cities, except that they 
are not limited by the 5 per cent valua- 
tion provision. The maximum issue 
of general obligation bonds for public 
utility purposes is controlled in each 
city by its own charter. Thus, if a 
home rule city reached its upper limit 
on general obligation bonds, all that 
need be done to issue additional gen- 
eral obligation bonds would be to 
amend its own charter. This obviates 


the necessity of going back to the legis- 
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lature. Act 94, which provides for the 
financing of sewage disposal systems, 
incinerators, etc., has specifically been 
held to be valid as conforming to the 
provisions of Article VIII, Sec. 24 of 
the constitution. Many engineers and 
executives have plants 
under the provisions of this act. The 
city of Detroit, in building its $27,- 
000,000 sewage disposal system, issued 
$5,022,000 of revenue bonds under the 
terms of Act 94, and thus Detroit’s 
entire accounting procedure is con- 
trolled by the rules laid down in Act 
94. Ina recent case involving sewage 
disposal rates—City of Detroit v. City 
of Highland Park, Wayne County Cir- 
cuit Court—it was necessary for De- 
troit to place interpretations upon cer- 
tain sections of this statute. - Sec. 21 
of Act 94 is the section providing for 
minimum rates. The rates, according 
to this section, must be sufficient to 
provide : (1) bond and interest redemp- 
tion fund; (2) administration and gen- 
eral expenses, including maintenance ; 
(3) the building up of a reserve for 
depreciation; and (4) the building up 
of a reserve for improvements, bet- 


constructed 


terments and extensions. 


Literal Interpretation 

Perhaps this section means what it 
says, but following the section literally 
means that the present rate payers 
should provide for: (1) payment of 
the plant which was built; (2) creat- 
ing a reserve for replacing that plant; 
and (3) creating a fund with which to 
build another plant. 

The author does not believe that it 
was the intent of the legislature to re- 
quire any such interpretation to be 
placed upon this section, although it is 
believed that the rates must be suf- 
ficient not only to provide for the re- 
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demption of the bonds but also to 
create a complete depreciation reserve. 


Depreciation Requirements 


Some important lawyers and execu- 
tives say that depreciation is not re- 
quired under the decision of /Volga- 
mood vy. Village of Constantine (302 
Mich. 384), which decision was handed 
down in 1942, but if any of you have 
plants which have bonds outstanding 
on them, issued under the provision of 
Act 94, you must provide for deprecia- 
tion even though you are funding your 
debt. Here is what the Michigan Su- 
preme Court said in the Constantine 
case: 


The question as to what amount a mu- 
nicipally-owned public utility should set aside 
for depreciation does not appear to have been 
determined in this State. 

A municipally-owned utility is built and 
operated, not for a corporate profit, but for 
the purpose of providing utility services ata 
reasonable cost to the citizens of the mu- 
nicipality, who are generally identical with 
the customers. For municipally-owned 
light plant to charge rates which will, in ad- 
dition to the necessary expenses of construc- 
tion and operation, build up a_ reserve for 
depreciation equaling the replacement cost 
of the plant, is to require the citizens and 
customers not only to pay for construction 
of their own utility but also to provide the 
capital for the construction of a new plant 
to serve future users. The distinction be- 
tween rates to be charged by a municipally- 
owned utility and a privately-owned utility is 
well expressed in Reed, Municipal Manage- 
ment (1941), p. 616, as follows: 

It is not necessary for a municipal utility, 
which is required by law to amortize its 
debt and which possesses the legal capacity 
to borrow, to accumulate also a reserve fund 
to replace its properties as they wear out 
This is properly required of private utilities 
which expect to retain their bonded debt as 
a permanent part of their financial structure. 
To require it of a@ municipal utility, how- 
ever, is to ask the consumers to pay off the 
capital investment twice, once as a debt 
service and again in the establishment of a 


deprecition reserve. — 
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From what the court has said, it would 
appear that depreciation is not essen- 


tial for municipal plants. However, 
the court went on to say that deprecia- 
tion added to amortization of bonds 
was not essential—ouly in the absence 
of statutory requirements. Act 94 is a 
statute which requires both amortiza- 

bonds and depreciation of 
The act nowhere speaks of 
reserve but only of a de- 
reserve. There is a_ big 
for under the doctrine of 
depreciation accounting the present 
ratepayer must pay off the bonds is- 
sued to construct the plant and also 
create a reserve out of which to build 
a new plant. 


tion of 
plant. 

retirement 
preciat ion 
difference, 


Maybe that is a good thing. Under 
a similar act covering municipally- 


owned utilities in Massachusetts, forty 
municipal gas and electric companies 
there have fared very well indeed. 

Section 22 of the Act tells the utility 
what to do with the revenues collected 
from the rates prescribed in Sec. 21, 
but no other section in the entire act 
further defines the requirements of the 
rate-making section. It is in Sec. 22 
that the requirement of five separate 
funds is stated. These five funds are 
as follows: 


(1) Operation and maintenance fund. 
(2) Bond and interest redemption 

fund. 
(3) Depreciation fund. 
(4) Contingent fund. 
(5) Surplus fund. 


It should be pointed out that the de- 
preciation fund set forth in this sec- 
tion is not and cannot be the deprecia- 


tion reserve created under Sec. 21. 
The depreciation fund created in Sec. 
22 needs be sufficient to meet only 


those retirements which will occur dur- 
ing the ensuing two years, and is a 
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cash fund. A true depreciation re- 
serve is rarely, if ever, a cash fund. 
It is a reserve to provide for the ulti- 
mate retirement of property resulting 
from all causes. In a system of con- 
tinuing life, the reserve is generally 
re-invested in plant. 

Incidentally, depreciation should be 
predicated upon the original cost of 
the property. During the last decade 
many engineers have been led astray 
by the holding of the United States 
Supreme Court in the case of United 
Railways v. West (280 U.S. 234) 
where the Supreme Court laid down 
the rule that depreciation should be 
predicated upon fair value. This rule 
has been severely criticized by engi- 
neers and accountants but it was not 
until January 3, 1944 that the Supreme 
Court, in the case of F.P.C. Hope 
Natural Gas Co., specifically over- 
ruled the West case and approved of 
“the propriety of basing annual de- 
preciation on cost.’ 
Reserve for Depreciation 

That brings us back to Sec. 21 where 
the utility is required build up a 
reserve for depreciation.” <A reserve 
for depreciation, under the modern 
concept, should be a reserve predicated 
upon the service life of the plant. 
There is much controversy about this 
point but by far the weight of authori- 
ties is in accord with the statement 
that depreciation should be predicated 
upon the service life of the property. 
Thus, with respect to municipal utili- 
ties, if sinking fund obligations are 
not too great, they should endeavor to 
set aside each year a sufficiently large 
appropriation not only to care for the 
immediate retirements but also to 
re- 


create an adequate depreciation 
serve which may be reinvested in plant, 
with a consequential diminution in the 
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amount of new money that will be re- 
quired to be raised by the issuance of 
bonds. 

Practically all gas and electric priv- 
ately-owned utilities have greatly in- 
creased their appropriation to deprecia- 
tion reserve from 1933 to date. For 
example, the annual charge to operat- 
ing expense for depreciation by the 
Detroit Edison Co. in 1933 was $,- 
032,000, compared to $10,440,000 i 
1943. During this same period the 
accrued reserve increased from $30,- 
000,000 to $68,000,000. It is largely 
due to its depreciation policy that the 
Detroit Edison Co. has found it un- 
necessary to go into the open market 
and issue new securities in order to 
raise funds for property additions. It 
is interesting to note that the plant in- 
vestment of the Detroit Edison Co. 
has increased from $288,000,000 in 
1933 to $341,000,000 in 1943 without 
the issuance of a single bond or single 
share of stock. This should recom- 
mend one specific means of construct- 
ing additional plant facilities without 
the necessity of financing by bond is- 
sues. Many municipal water and sew- 
age utilities are already setting aside 
about one-third of their total receipts 
as depreciation expense. They are 
to be commended for this practice, 
for the advantage of such procedure 
during wartime is obvious, and, where- 
ever possible, their annual appropria- 
tion to depreciation should be pushed 
still higher. Now, more than ever, the 
customers are able to pay high water 
and sewage disposal rates. In some 
communities it might even be a good 
idea to increase industrial rates during 
wartime, particularly so where any in- 
creased costs are borne to the extent 
of 85.5 per cent by the federal govern- 
ment through the operation of the Ex- 
cess Profits Tax Law. ree 
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Taxes to Local Communities 


Perhaps this is a good point to men- 
tion to those of you who are city of. 
ficials. Run a check on the amount of 
money paid by your industries in taxes 
to the local community and compare 
them to what they pay to the federal 
government. If some method of dj- 
verting some of the tax money flowing 
out of the state to the local municipal 
government can be found, much of the 
postwar financing problems will be 
licked. This is not unpatriotic. I ven- 
ture to say that proportionately Michi- 
gan is contributing far more in tax 
dollars to this war effort than any other 
state in the country. Furthermore, 
your cities need the money to create 
postwar jobs during reconversion, 
There is about $360,000,000 in tax 
exempt government and foreign prop- 
erty which Detroit must service and 
yet which produces no tax revenues, 
This is an annual tax loss to the city 
of Detroit of about $12,000,000. 


Federal Grants 


As you are well aware, the federal 
government, in the economic depres- 
sion of the thirties, in order to create 
jobs, passed out federal grants for 
public projects, which grants defrayed 
as much as 45 per cent of the total 
cost of construction. Today, during 
the war, the government, in many in- 
stances, is financing the complete cost 
of extensions to essential war indus- 
tries; but after this war, in spite of 
much opinion to the contrary, the 
author does not believe that the federal 
government is going to continue its 
lavish spending, particularly if there is 
a change of administration for it ap- 
pears that the majority of Congress is 
against the gaat of federal grants for 


public projects. } 
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Housing in Postwar Era 


After this war, there undoubtedly 
will be a housing boom. Both public 
and private capital will be poured into 
sew construction. To utility men new 
houses mean main extensions and new 
sgrvices, together with reinforcement 
ff existing facilities, and it is well to 
year in mind that even should the 
federal government be disposed to al- 
cate funds for public projects, this 
is not the type of construction for 
which the federal government is likely 
iogrant money. In the opinion of the 
author there will be no postwar grants 
for such unglamorous items as new 
service connections. Yet all water 
works men who are familiar with plant 
accounting know that when these little 
extensions and services are added up, 
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FINANCING IN MICHIGAN 


Detroit water system is in distribution 
mains and services. 
In order to provide for these ea: ir 
war extensions, wartime earnings 
should be set aside to minimize the — 
future bond issue requirements. Na- | 
turally, the lower the amount of the _ 
issue, whether it is a general obliga- P 
tion bond or a revenue bond, the lower _ 
will be the cost of borrowing the a 


to put into its own enterprise, 
lower will be the interest rate on post- = 
war bond issues. ; 

In conclusion, attention should be 
called to the fact that bond issues are 
still tax exempt and with the bond _ 
market at its present level, good mu- — ‘ 
nicipal bonds are selling at less then 
those of the United States Govern- 


ment. In fact, the city of Detroit can 
earn money by investing its general 
fund in government war bonds instead — a 
of calling in its own obligations. | 


they far exceed the cost of any single 
major project. For example, more 
than one-half of the total cost of the 
$120,000,000 plant investment of the 


a? 
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-WATER DIVISION REGIONAL ENGINEERS 


The number of Regional Divisions in Water Division, Office of 
Utilities, activities has been cut from 6 to 5. 7 
The Regional Engineers and their areas are: i 

Region I, Bayard F. Snow; New England States, New York, 
Jersey, Pennsylvania and Delaware. 

Region II, George C. Sullivan; Maryland, District of Columbia, — 
Virginia, North Carolina, West Virginia, Ohio and Kentucky. __ 

Region III, Walter L. Picton; South Carolina, Georgia, Florida, 
Tennessee, Alabama, Mississippi, Arkansas, Louisiana, Okla- : 
homa and Texas. 

Region IV, John R. Tanner; Michigan, Indiana, Illinois, Wisconsin, 
Minnesota, Iowa, Missouri, North and South Dakota, Nebraska 
and Kansas. 

Region V, Gerald E. Arnold; Montana, Wyoming, Colorado, New 
Mexico and all states west thereof. 
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HERE are certain aspects of water 

rates wherein one finds a wide di- 
vergence in existing schedules. Among 
these are: (1) the range in unit charge 
as between that made to the average 
household and to the large industry; 
(2) the lack of specific charge, for the 
most part, for fire protection and pub- 
lic service; (3) the diversity in the ap- 
plication of “service” and “minimum” 
charges; (4) the complexity of many 
rate schedules as indicated by the num- 
ber of “steps” superimposed on a num- 
ber of meter charges; and (5) the wide 
range in charges for water sold to 
“suburban” areas. 

To illustrate the variations of the 
above items, the author has reviewed 
the data on rate schedules of eighteen 
typical Michigan communities—six 
furnishing untreated water, seven with 
softening plants and five with filtration 
only on Great Lakes water. The com- 
munities furnishing untreated water 
have a range in population of from 
about 7,500 to 55,000; those with soft- 
ening plants, and with but two excep- 
tions filtration combined with soften- 
ing, vary in population from about 
15,000 to 170,000; and those with fil- 
tration plants only on Great Lakes 
water have a range in population of 


from about 15,000 to 1,800,000. 


A paper presented on April 27, 1944, at 
the Michigan Section Meeting, Jackson, 
Mich., by Louis FE. Ayres, Cons. Engr., Ann 
Arbor, Mich. 


4 Study of Water Rates in iti: 
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By Louis E. Ayres 
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The comments herein are limited to 
these few rate schedules, without spe- 
cific reference to any city. No ad- 
verse criticism of any schedule is in- 
tended; the examination has been too 
superficial to warrant passing judg. 
ment on the propriety of the charges 


niade in any city. 
In considering the small-to-average 
household, one may have in mind con- 
sumers that use from 1,200 to 2,000 
cu.ft. per quarter, equivalent to 3,00 
to 5,000 gal. per month, or 25 to 40 
gpd. per capita for a family of. four. 
Probably 50 per cent of the consumers 
of many water works are within this 
range. The other 50 per cent are di- 
vided between so-called “minimum 
users” on the one hand, and the larger 
domestic, commercial and_ industrial 
consumers on the other. The former 
may not be sold water on the basis of 
a unit charge but at a “minimum” 
charge or a “service” charge whieh 
should be sufficient to pay the carry- 
ing costs for a meter installation, read- 
ing, billing and collecting and a share 
of the overhead of administration. 
For the purpose of examining. the 
unit charge to the larger consumers, 
the rates per 100 cu.ft. per quarter have 
been computed for rates of 50,000, 
100,000, 500,000, 1,000,000 cu.ft. per 
quarter and up to the largest con 
sumers of 5,000,000 to 20,000,000 cu 
ft. per quarter. ence 
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One may also think of the largest 
consumer in another way—of his size 
in relation to the total pumpage of a 
community. In this study the largest 
users vary from a consumption of 
about 25 to 365 cu.ft. per capita per 
quarter or from about 2 to 30 gpd. per 
capita ; but for the most part the range 
is from 10 to 15 gpd. per capita or, say 
from 7 to 10 per cent of the total 
pumpage. 

The charge for untreated water to 
the small household varies from 13 to 
21.25 cents per 100 cu.ft., or the 
weighted average of water examined in 
six cities is about 14.5 cents. The 
charge in 12 cities furnishing treated 
water varies from 9.4 to 25.4 cents per 
100 cu.ft., or the weighted average is 
nearly 19 cents, or about 4.5 cents 
higher than for untreated water. 

The charge for water to the largest 
consumer varies from 1.4 to 6.5 cents 
per 100 cu.ft. for untreated water, with 
a weighted average of about 3.2 cents. 


The charge for treated water varies 
from about 5 to 11 cents, with a 


weighted average, omitting the effect 
of the Detroit area, of about 5.5 cents, 
or 2.3 cents higher than for untreated 
water. 

The ratio between the unit charge 
for the use of 1,200 cu.ft. per quarter 
to the charge to the largest consumer 
varies, among these 18 cities, from 1.6 
to 9.5. Considering the cities supply- 
ing untreated water the ratio is 2 to 
9.5; but with the cities furnishing 
treated water it is only 1.6 to 4.5. 
Thus, there is a ratio of maximum to 
minimum rate of charge of nearly 5 to 
1 with untreated supplies and about 3 
to 1 with treated supplies. 

The explanation, in part, for this 
larger ratio with untreated water is 
found in the rate structures of three 
communities of comparable size, all 
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supplying well water. In one of these 
communities the wholesale rate is about 
2.25 cents and in another 2.33 cents 
per 100 cu.ft., but in the third it is 6.5 
cents; while the small household pays 
15.7 cents in the first, 14.7 cents in the 
second and 12.7 cents in the third. 

Obviously, the explanation of these 
variations is not to be found in any 
wide difference of the cost of produc- 
tion, distribution, ete., but in the theory 
applied by the rate structure. In the 
cities that sell as low as 2 cents per 100 
cu.ft., the charge can not be greatly in 
excess of production costs only; while 
a wholesale charge of 6.5 cents for un- 
treated water must include a_ liberal 
share in all costs plus, possibly, a 
profit. 

It is interesting that in these three 
communities the largest consumers are 
in the towns with the lowest rates. 
Did the low rates produce the consum- 
ers, did the consumers force the 
lower rates? Is it not more than 
likely that these very low wholesale 
rates are an inheritance from the past, 
when water companies operated on the 
theory that with a given going concern 
it is advantageous to add a large cus- 
tomer even if the added revenue 
only slightly in excess of the added 
operating costs? The difficulty that 
such communities may face 
that when they add a treatment process 
to their plant, they will be confronted 
with the alternative of a substantial 
increase in the rate to certain large cus- 
tomers or suffer a loss through the 
continued service to such customers. 
The sale of water to wholesale users 
at or near cost is, in effect, a subsidy. 
A new industry may be encouraged to 
locate in a community because of such 
a subsidy. Is the principle sound? 

In another community of about the 
same size as those referred to above 
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(about 50,000 population), but with a 
treatment plant, there is a wholesale 
rate of 6 cents, with a charge to the 
small household of only 9.4 cents, or 
a ratio of 1.6. 

In between these two extremes of 
1.6 to 9.5 there are ratios of 2.0, 2.2., 
23, 25, 27, 28, 38, 34, 3.7, 4.1, 42, 
4.5, 5.3, 6.3 and 7.0. Obviously, there 


is not much consistency on this point 


in the schedules examined. rele ag 
Steps in Rates we 


In these eighteen schedules the num- 
ber of steps vary as follows: 


No. of Schedules No. of Steps 

1 


Why should any community need 9 
steps in a rate, or even 5 or 6? 

The purpose of steps is to effect a 
gradual transition in unit rate as the 
quantity purchased increases, although 
a similar result may be accomplished 
by fewer steps or a combination of 
fewer steps combined with service 
charges. Generally, the more steps in 
a rate schedule the more gradual will 
be the reduction in unit charge as con- 
sumption increases. As an illustration, 
with the community in the list with 9 
steps, a user of 1,200 cu. ft. per quar- 
ter pays 7 times the wholesale rate; a 
user of 2,000 cu. ft. per quarter pays 
6.8 times; of 4,000 pays 6.2 times; of 
10,000 pays 5.2 times; of 50,000 pays 
2.9 times the wholesale rate. At the 
other extreme in the list, a city with 3 
steps charges a user of 1,200 cu.ft. per 
quarter only 1.6 times the wholesale 
rate instead of 7 times, or less than 
one-fifth as much as the town with 9 
steps; and with the use of 50,000 cu. 
ft. per quarter only 1.1 times the whole- 


sale rate, as compared with 2.9 times 
in the city with 9 steps. In a city with 
6 steps the user of 50,000 cu.ft. per 
quarter is charged 4.2 times the rate 
for 3,000,000 cu.ft. per quarter. Ip 
the other towns this multiplier varies 
from 1.02 to about double the whole. 
sale rate. 

A user of 50,000 cu.ft. per quarter 
is a large user in about every city ex. 
cept a metropolitan area. It amounts 
to over 4,000 gpd. Can there be any 
justification for a unit charge to such 
a customer very much higher than to 
the very largest user? 


Variation in Size of Step 


There is also much variation in the 
size of the steps, particularly the low- 
est and the highest. The lowest is 
5,000 gal. or 667 cu.ft. per quarter, one 
is at 1,000 cu.ft., two at 1,500 cu.ft, 
two at 2,000 cu.ft., and the balance 
range up to as high as 50,000 cu.ft. per 
quarter. The author has heretofore 
assumed that the first step in a rate 
might well be made at about that point 
where the average household begins to 
sprinkle, so that some encouragement 
would be given to the reasonable use 
of water for that purpose. Only about 
one-third of the schedules examined 
have steps, however, that have any sig- 
nificance to the average household. As 
to the highest step, or wholesale water, 
the range in these schedules is from a 
minimum of 1,000 to over 1,000,000 
cu.ft. per quarter. With a minimum 
of 1,000 cu.ft. per quarter, practically 
all users are on the same basis. Water 
is sold like sugar or gasoline in the re- 
tail store. With 1,000,000 cu.ft. per 
quarter only a big user benefits, but in 
the town having this step the largest 
user buys about 13,000,000 cu.ft. per 
quarter and all over 1,000,000 is sold 
at 1.125 cents per 100 cu.ft. 
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Minimum and Service Charges 


Minimum charges for a 3-in. meter 
yary from 80¢ to $2.70 per quarter. 
Frequently minimum charges are based 
on meter sizes. 

One half of the towns have service 
charges based on meter sizes which are 
added to the unit water charge. The 
service charge for a 8-in. meter varies 
from 30¢ to $1.95 per quarter. Several 
of our larger cities have meter rates 
with 5 or 6 steps to which are added 
service charges for from 8 to 11 dif- 
ferent meter sizes. The impression 
gained by inspection of these schedules 
is that a number are unduly compli- 
cated and must entail some unnecessary 
expense in their application; while on 
the other hand one or two schedules 
appear to have been unduly simplified. 


Fire Protection and Public Benefit 


Apparently only 5 of the 18 cities 
involved in this survey make any 
charge to the taxpayer for municipal 
fire protection and the public benefit 
from a water works, and the charges 
where made vary from 15 to 25 per 
cent of the total department revenue. 
One of these cities sets up the amount 
due on its books but does not make any 
cash collection. In another city the 
author was supplied with a tabulation 
of an “Estimate of Fire Protection and 
Water Consumed for Public Use,” 
showing costs of about 13 per cent of 
the gross revenue, all of which are 
now absorbed by the water rates. An- 
other city presented a carefully pre- 
pared computation upon which its fire 
protection charge is based, and in this 
case it is all collected from the tax- 
payers. 

Water works men, generally, have 
long accepted the propriety of a charge 
against the taxpayers for fire protec- 
tion and public benefit. But those con- 
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cerned with city finances and taxation 
problems, who are confronted with the 
difficulties of raising sufficient funds 
to meet all of the demands of a mu- 
nicipal government under the tax limi- 
tation laws of Michigan, are not dis- 
posed to allow the public water de- 
partment any funds for the use of fire 
hydrants, water to schools, public build- 
ings, parks and similar services. These 
costs must, therefore, in most cities be 
distributed into the water rates. The 
method of making this distribution as 
between the various classes of users is 
a subject that might well receive at- 
tention. 
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Suburban Water Sales cid 

The charge made for water sold out- 
side the municipal boundaries varies in 
these schedules from 105 to 175 per 
cent of the charge within the city, al- 
though one community has a schedule 
that would carry a charge 5 times the 
municipal rate if a consumer existed to 
take the necessary quantity of water. 
At least one community does not per- 
mit the sale of water outside the cor- 
porate limits. 

In considering the basis for sale of 
water to consumers and areas outside 
a city, there is no arbitrary rule or per- 
centage that is properly applicable to 
all cities. Each case should be con- 
sidered in relation to the local facts 
and conditions. Nor is the proper 
basis for determining rates within a 
city the same as the basis for outside 
rates. As the author has previously 
suggested, the rate structure within a 
city should provide sufficient revenue 
to pay (1) all debt requirements, (2) 
pay all operation and maintenance ex- 
pense, and (3) create a sufficient re- 
serve to meet all probable extensions 
except major plant improvements. In 


the consideratton of such a rate struc- 
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ture such matters as interest on that 
part of the plant which is paid for and 
depreciation on the existing plant may 
be looked upon as more or less aca- 
demic. However, it may sometimes be 
found that adequate allowances for 
extensions will require the collection of 
sums of money not far different from 
the usual allowances for interest and 
depreciation. 

When one considers a rate for out- 
side areas, however, it would seem rea- 
sonable to approach the problem on the 
usual assumptions for determining 
rates for a public utility. The water 
user beyond the city limits and beyond 
the reach of. city taxes should pay a 
rate that includes interest and deprecia- 
tion on the full investment in water 
plant devoted to his service, plus his 
share of operation and maintenance 
costs, plus a reasonable profit to the 
utility. Upon such a theory the charge 
for “outside’’water will be higher than 
that within a city, principally in the 
interest allowance on that part of the 
water works which is free of debt and 
therefore the property of the taxpayers 
within the city. 


Improper Interpretation 


In connection with suburban water 
rates consideration should be given to 
certain assumed legal aspects which 
appear to have been given an improper 
interpretation. 

It has recently come to the author’s 
attention that the state law has been in- 
terpreted by some to require that cities 
and villages must sell water to outside 
areas at double rate. An engineer has 
lately advised a city to that effect, and 
the author is informed that such an in- 
terpretation of the law was given to 
the sewage plant operators at their last 
meeting, and that discussions have been 
held concerning the advisability of seek- 
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ing either the Attorney General's opin. 
ion or an amended act from the Legis. 
lature. 

The author has reviewed some of the 
statutes in this connection and, al. 
though not a lawyer, he can see no 
justification in existing laws for such 
an interpretation as above outlined. 
The principal acts bearing on this ques. 
tion are as follows: 

Act 34, 1917, Sec. 1, which is the 
basis for the interpretation referred to 
and deals with the authority of mu. 
nicipal corporations only, says that such 
corporations “may contract for such 
sale with cities or villages having au- 
thority to provide a water supply for 
their inhabitants, but the price charged 
shall not be less than nor more thay 
double that paid by consumers within 
their own territory.” 

This wording has been interpreted 
as meaning that the only legal rate was 
a “double” rate. Is that a fair inter- 
pretation? If the legislature had so in- 
tended the wording could have stated 
explicitly that the “price charged shall 
be double.” No such interpretation is 
warranted in our judgment. 

It is of interest to add that Sec. 3 of 
the same act provides that: “Where 
water is sold to purchasers other than 
cities and villages in such outside terti- 
tory, such corporations shall exercise 
all the powers and have all the rights 
and remedies in connection with such 
water system in such outside territory, 
the sale and delivery of water there- 
from, the fixing of water rates and the 
collection thereof.” Obviously, from 
this wording there is no legal limitation 
on the sale of outside water to other 
than “other cities or villages.” 

It should also be added that Act 107, 
1941, authorizes “township boards to 
contract with cities and villages for the 
furnishing of water to township water 
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supply districts . . . “under such terms 
and conditions as may be agreed upon.’ 

Act 342, 1939, authorizes “counties 
to establish and provide connecting 
water (within or) between cities, 
villages, townships . and to “estab- 
lish just, equitable and uniform rates.” 

These examples are cited with the 
purpose of correcting any false impres- 
sions that may have previ ailed, and with 
the suggestion that it might be wise to 
have a committee investigate the law 
and suggest any steps that might be 
desirable to effect a clarification. 
Accounts and Annual Reports 

Michigan has an account classifica- 
tion for water works used by the cities 
in varying degrees. Many cities, how- 
ever, pay too little attention to their 
accounts and annual reports, and the 
account classification needs some re- 
vision. 

An account classification, if it serves 
adequately, should effect such a segre- 
gation of both operating costs and fixed 
charges, in relation to operating reve- 
nue, as may be useful in fixing, check- 
ing and revising For example, 
it should be relatively simple to de- 
termine, from a city’s annual report, 
the total costs of production, distribu- 
tion etc. But 
the necessary data to make such a de- 
termination are not now readily avail- 


rates. 


and consumer's costs, 
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able. It would seem that the aa 
of the water departments could be _ 
made more useful, without much added 
expense, in the keeping of books and _ 
records. 

Rates are not unchangeable. Once 
determined by someone in the dark 
past, they should not remain forever 
inviolate. Yet that is the tendency. 
Some of the rate schedules examined 
date back over 20 yr.; and several are a 
apparently based on rate theories oe 
vogue more than 20 yr. ago. 


Conclusions 

The purpose of this paper has been 
to point out some of the wide varia~- 
tions and complexities in existing rate’ 
schedules, with the thought of calling — 
your attention to a field of activity — 
which appears to have been neglected — 
and in connection with which a com-_— 4 
mittee of the American Water Works 
Association might well make a 
tribution to the water works industry 7. 


con-_ 


There are certain fundamental prin- es 
ciples in connection with rate struc- 
tures, accounts and annual reports 


which might be reviewed by a commit- 
tee and made available to the local 
membership of the A.W.W.A. Such 
a service could be helpful to communi- 
ties if and when they face changes in 
water rate structures due to major im- 

provements or financial readjustments. 
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N February, 1943, as a means of 

conserving tires and gasoline, the 
Indianapolis Water Company, Indian- 
apolis, Indiana, put into operation a 
customer mail-in “meter reading plan,” 
which later fitted in nicely with meter 
reading problems such as manpower 
shortage and an increase in missed 
readings, because of entire families be- 


ing engaged in war work. 

In the beginning, 1800 meter read- 
ing calendars of three standard types 
of %%-in. meters were distributed in 
isolated districts of Indianapolis and 
suburbs, where the reading of meters 
demanded the use of a company car. 
Later, it was found advisable to send 
the calendars to customers where rgad- 
ing of the meter had beén missed for 
several months in succession. 


Originally the calendars were fur- 
nished to customers especially selected 
by the company, but in November of 
1943 the company filed and obtained 
approval from the Public Service Com- 
mission of Indiana for a supplement to 
the company’s rules and regulations. 
This supplement states, in part: 

“Provisions will be made for custom- 
ers who desire to read their meters 
monthly, to report such reading by 
mail on postcards provided by the 
Company.” 

As of June 1, 1944, out of a total of 
86,911 active services, the company had 
outstanding 3,200 calendars. 

Since the beginning of the war the 
company’s meter readers have experi- 


Customer Meter Reading Calendar > 


enced difficulty and delay in getting 
into some of the larger defense plants 
in and about Indianapolis, to read 
meters. Recognizing the fact that 
many of these plants had personne 
capable of reading water meters, in 
July 1943, the company began using a 
two-way postcard, in addition to the 
meter reading calendar. Co-operation 
from the list of firms participating in 
this program is practically 100 per 
cent, and at present approximately 450 
readings per month are being made by 
this method. 

A total of 11,640 meter readings 
were received by mail during the year, 
which is about 50 per cent return on 
the calendars in service last year. Of 
this percentage, inaccuracy and _tardi- 
ness in receipt of the cards in the com- 
pany’s office reduced this figure another 
5 per cent. The returns on the two- 
way postcards have been higher— 
about 95 per cent. Due to the im 
creased number of calendars in service 
during 1944 and because customers are 
becoming more ‘“read-you-own-ineter” 
conscious, the company anticipated 
20,000 mail-in readings to be received 
this year. 

All residential meters are not read 
monthly. However, all commercial 
and industrial, as well as larger rest- 
dential accounts are read each month. 
The average residential meter reading 
is on a quarterly basis, although not set 
up on a quarterly plan. On a quar 
terly basis the city would be divided 
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meter on the => card promptly, = 
of the month. Postage Paid 


Sun. Mon. Tues. Wed. Thurs. Fri. Sat. ee 2 
4: 


3 4 5 6 
10 ll 13 15 16 
17 18 19 20 21 22 23 
24 25 26 27 28 29 30 


NEXT YEAR'S lawn should be started now. The best time for seeding 
a lawn is in the Fall of the year rather than the Spring, according to 
experts. Clean the ground carefully, removing stones, twigs, and the 
like. Sow the seed evenly, rake it into the soil and then roll the lawn 
lightly. Take especial care with shaded portions and slopes. 


Complete Instructions on Reading Meter on Back of Calendar 

Please Mail This Card on the Date Noted Above or on Back of Calendar ia 
Trident Meter Dial 

Date of Reading 


Reading 


Address 


Remarks 


Signed Acct. No. 
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into three districts and readings taken 
on each district every three months. 
The company reads as many of its resi- 
dential meter books per day as its man- 
power permits and estimated bills are 
rendered on the balance. In this way, 
the company covers the entire city 
each month, obtaining readings on a 
probable one-third of its territory. 

A check up as of May 31, 1944, on 
approximately 500 premises using 
meter reading calendars, reveals that 
customers are conscientious in mark- 
ing the cards, and in no instance has it 
been found that customers have been 
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sending in fake readings or running 
the meter dial back. The meter read. 
ing calendar might be classed as q 
“shock absorber” in cases where a cus. 
tomer does not always cooperate jp 
sending in readings and where subse- 
quent high bills due to leaks are rend- 
ered when readings are finally obtained, 

The preparation of the calendars and 
the mailing of them, plus the two-way 
postcard mailings and entering all read. 
ings as they are received, is a sizable 
job, but the company has found the 
innovations in meter reading worth 


while. 


Co., Indianapolis, Ind., for the illustration of the meter reading calendar shown 
on page 1003, and for the facts regarding the unique meter reading program in- 


augurated by the Company. 


GENTS SHOULD 
THE OFFICER 
SATISFACTO! 


N A 
LESS 


ig 
We are indebted to H. S. Morse, Vice President and Manager, G. C. Staley, 
i: Chief Clerk and J. H. Pearcy, Chief Meter Reader, of the Indianapolis Water} 4 
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HE Revenue Act of 1943, effective 

June 1, 1944, continues in effect the 
exemption from payment of the trans- 
portation tax by states or their po- 
litical subdivisions. 

This means that water department 
employees may purchase tickets for any 
form of public tre ansporti ition (where 
the tax applies; ie. train, airplane, 
bus) without paying the 15 per cent 
federal tax, if the following conditions 
are met: 

1. The travel must be recognized as 
oficial by the water department or 
city executive. 

The official nature of the travel 
is, or will later be, evidenced by the 
payment (or reimbursement) of the 
amount paid for transportation. 

3. The purchaser of the ticket or 
tickets presents to the agent of the 
common carrier a properly executed 
copy of Treasury Department form 
731. 

Copies of form 731 are obtainable 
from the various offices of the U.S. In- 
ternal Revenue Department. The com- 


pletec form must be presented to the 


agent of the carrier when the ine 
is purchased. 

There has been a substantial amount 
of confusion concerning the tax ex- 
emption for employees of States and 
their political subdivisions. Staff per- 
sonnel both of the Treasury Depart- 
railroads, ete., 
have on some advised that 
the exemption was no longer granted. 
This is erroneous as the copy of a let- 
ter from D. S. Bliss of the Internal 
Revenue Office states (see page 1006). 
If a common carrier’s agent declines 
to sell a ticket or tickets to the holder 
of a properly executed copy of form 
731, and insists upon the collection of 


ment as well as of the 
occasions 


the tax, (1) obtain the agent’s of- 
ficial receipt for the (a) transportation 
and (b) tax; (2) record the serial 


number of the ticket or tickets bought ; 
and (3) file a communication with the 
Internal Revenue Department request- 
ing a directive to the carrier and/or 
its agent for the return of the amount 
of tax erroneously collected. 

Harry EF. 


Secretary 


JORDAN, 


Form 73 n= 
| EXEMPTION CERTIFICATE 
ris (Revised Feb. 1944) Tax on Transportation of Persons—Seats, Berths, or Staterooms 
Place of issue of ticket Date 
Name of issuing carrier 
ze 
| Ticket Form No. 
sar (To be filled in by agent of carrier issuing ticket) 
For 
(T seat, berth, or 
ae, I cerTiry that the Gates for the service indicated above neve been, or will be, paid by a State or Territory, or Political 
<28 Subdivision thereof, or the District of Columbia, as indicated below, are incur: the performance of my official duties, 
zig | and are exempt from the tax imposed under section 3469 of.the Internal Revenue Code, as amended. 
z<5 (State etc., subdivision and service for account of which exemption is (Signature) 
authorized) 
tg PENALTY FOR FRAUDULENT USE, $10,000 OR IMPRISONMENT, OR BOTH. a 
Pe Nore.—A separate exemption certificate will be required for each ticket furnished or fare collected. 
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TREASURY DEPARTMENT 
WASHINGTON 25 


COMMISSIONER OF INTERNAL REVENUE 


‘County of ‘Westchester 
Department of Finance 
“Shite Plains, New York 


= Attention: Mr. John T. Connell 
‘ * 
Gentlemen: 


Reference is made to your letter of June 23, 194, relative 
to the tax on amounts paid for the transportation of persons im 
posed by section 3469 of the Internal Revenue Code, as amended. 
The question presented and the answer follow: 


1 "On June 9, 1944, one of our County officials, 
; who was on official County business, presented > nud, 
Exemptdon Certificate, Form 731, Revised October 
to ticket agent, Pennsylvania Railroad, 


Washington, D. C., and was informed that tax >: 
exemption would not be allowed. Consequently, an 
amount of $5.69, Washington to New York, was paid 


which included a tax of 15%, or 74 cents. 


"Will you advise when section 3469 of the 
Internal Revenue Code was voided, and please send 
us a copy of such change." od 


Amounts paid for transportation by persons traveling on official 
business for the County of Westchester are not subject to the tax 
imposed by section 3469 of the Internal Revenue Code, as amended. 
That section of the Code has not been voided, and the termination 
of the general exemption from the taxes on the transportation of 
persons with respect to agencies and instrumentalities of the 
United States by section 307 of the Revenue Act of 194.3, effective 
June 1, 1944, does not affect the exemption applicable to amounts 
paid by a State or political subdivision thereof for the transporta- 
tion of persons. 


The Association of American Railroads and the Air Transport § 
Association of America have been notified that there has been no : 
change in the exemptions applicable to amounts paid for trans 4 
portation by a State or political subdivision thereof, and these : 
associations have passed the information on to their menbers. ; 
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Abstracts of Water Works Literature 


Key: In the reference to the publication in which the abstracted article appears, 34: 412 
(Mar. '42) indicates volume 34, page 412, issue dated March 1942. If the publication is paged 


by the issue, 34: 3: 56 (Mar. '42) indicates volume 34, number 3, page 56, issue dated March 


1942. 


Initials following an abstract indicate reproduction, by permission, from periodicals, as 


follows: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; P.H.E.A.—Public 


Health Engineering Abstracts; W.P.R. 
Metals (British). 


U. S. WATER SUPPLIES —-GENERAL 


California’s Water Plan for Developing the 
Great Central Valley. Jwenty-four Major 
Storage Reservoirs—Irrigation for 10 Million 


Acres. ANON. Western City. 19: 9: 20 
(Sept. °43). State water plan (Bul. 25, 
State Div. of Water Resources, '41) out- 


standing example of regional planning of water 
conservation control and utilization in nation. 
Designed to overcome unequal geographical 
distr. and unequal seasonal distr. of water 
supply in state. Plan for Sacramento and 
San Joaquin river basins provide for 24 
major storage reservoirs with aggregate 
capac. nearly 18 mil. acre-ft.; 18 power plants 
capable of producing 7 billion kwh. annually; 
and use of underground storage reservoirs 
particularly in San Joaquin Valley. Large- 
capac. canals and pumping systems will trans- 
fer water from areas of potential surplus to 
those deficient, with exchanges on San Joaquin 
and Kern R., thus supplying ample supple- 
mental water for all domestic, munic. and 
indus. uses in great Central Valley and San 
Francisco Bay Region for irrigating 10 mil. 
acres therein. Storm water storage in foot- 
hill reservoirs and release during dry season 
will: (1) control floods, (2) improve navigation 
on Sacramento R., (3) supply lands tributary 
to streams down which they pass, (4) control 
salinity in Sacramento-San Joaquin delta, 
(5) supply delta pool with surplus water which 
may be transferred to San Joaquin Valley and 
San Francisco Bay region, and (6) produce 
large new sources of elec. power. Key to 
this master plan is natural storage basin at 
confluence of Sacramento R. and San Joaquin 
R. with area approx. 40 by 25 mi. at sea 
level and criss-crossed by 500 mi. of water- 


Water Pollution Research (British); 


I.M.—Institute of 


ways. Into these flows unused runoff from 
both river systems, avg. 31 mil. acre-ft. per 
yr. Such delta storage important in that 
when water reaches this point, all up-stream 
requirements met, whereas normally, surplus 
would waste into sea. Backbone of plan is 
Central Valley Project under constr. by U.S. 
Bur. of Reclamation.—Ralph E. Noble. 


Schenectady’s New Water Supply. Anon. 
Health News 21: 12: 47 (Mar. 20, '44). New 
$400,000 well water supply rushed to com- 
pletion in order to meet latest of no. of critical 
water shortages. Original water system in- 
stalled in 1872 by private enterprise but 
purchased soon after by municipality. Sup- 
ply taken from Mohawk R. and delivered 
without treatment. Typhoid fever not un- 
common in city at that time and in 1895 new — 
water source obtained from 3 dug wells in 
const. use ever since. Typhoid practically — 
elimd. in community until ’20 when river 
water backed into wells through old intake, 
resulting in outbreak of disease. Pipe then 
completely sealed off and chlorination app. — 
installed for disinfection of water as precau-— 
tionary measure during high levels of river. 
Water insufficient for several years, especially 
during drought, and more recently due to 
increased pop. and indus. usage. 
porary measure, emergency gravel-packed 
well installed in ’40 to supplement dwindling 
supply. Well, located near site of 9 new 
wells on river flats few miles west of city, 
yielded about 34 mgd. and alleviated critical © 
shortage temporarily. As result of deficiency 
of rainfall during latter part of ’43, became 
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voir. Extensive campaign promoted for 
water conservation and emergency connection 
made to distr. system of Niskayuna Water 
Dist. from which 4 mgd. secured. Installa- 
tion of pumping equip. at new source rushed 
to completion, wells and mains thoroughly 
disinfected and supply put into operation 
Jan. 18. Each of 9 new wells drilled into 
sand strata to depth of approx. 65’ and has 
inner and outer casings, 18’ and 24” in 
diam., resp., annular space being packed 
with gravel. Fine screen attached to bottom 
of inner casing for purpose of excluding sand 
and other fine material. Each well provided 
with independent pumping equip. housed in 
bldg. constructed over well. Main operating 
and admin. bldg. located in center of group 
and contains control equip., lab., disinfection 
app. and 2 wells. Pumps discharge into grid 
of mains connected to main feeder to city. 
Provision made for treatment of water with 
chlorine and ammonia. Disinfection being 
carried on at outset merely as precautionary 
measure but to be used in future only during 
periods of high-water level in adjacent Mo- 
hawk R. Tests indicate this new develop- 
ment highly successful. Each well capable of 
producing unusually high yield of 3} mgd. 
and supply should be adequate for many 
years. Old supply and pumping. station 
being retained for emergency use.—Ed. 


Santa Monica Uses Colorado River Water 
for Entire Supply. ANoNn. Western City 19: 
10: 38 (Oct. ’43). Colorado R. water con- 
stituted practically entire supply of more than 
60,000 Santa Monicans since June, ’41, when 
Metropolitan Water Dist.’s $200,000,000 
aqueduct put in operation. Present supply 
avgs. 100 ppm. hardness compared with 300 
ppm. in former ground-water supply. De- 
livery under pressure sufficient to serve all 
3 levels of distr. system by gravity flow alone. 
Higher cost of aqueduct water considerably 
offset by elimn. of pumping charges. Water 
rates increased 20% but laundries report in- 
crease offset by saving in soap with softer 
water.—Ralph E. Noble. 


Water and the 1941 Drought in Georgia. 
M. T. THomson. Civ. Eng. 13: 475 (Oct. 
43). Producing steel for medium tank takes 
as much water as city of 5000 uses in day. 
Railroads carried about 500 billion ton-miles 
of freight last yr. Locomotives consumed 
more water than people of Georgia used in 
their houses. Army does not build camps 
unless adequate supply of water assured. 


Most military camps in Georgia located jy 
coastal plain where water readily available jp 
artesian beds. 2 major droughts occurred— 
in '25 and in '31. In terms of eng. facts, » 
figures engr. can put on his slide rule. A 
result of present stream-gaging program 
hydr. engr. in Georgia has something tangible 
to work with. We often read that Georgia 
has abundance of water resources because its 
rainfall avgs. 50’ per yr. 12,000-sq.mi. area 
in northern Georgia has yield of less than 0,19 
cfs. pér sq.mi. and, for 8000 sq.mi. yield mor 
than 15 cfs. per sq.mi.—H. E. Babbitt, 


Efficiency of Topeka’s Water Distribution, 
Lioyp B. Smitu. Kan. Govt. Jour. 29: 4:9 
(Apr. ’43). Improved accuracy in acctg, for 
all water distributed to households, instity. 
tions, indus. plants and city’s own services 
first step in operating eff. Unacctd. fo 
“leaks’’ cut into earnings. In ’29, Topeky 
system acctd. for 57% of water pumped; ip 
over 82%. Such results obtained pri. 
marily through prompt repair of service cop. 
nection leaks and effective meter use. To. 
peka’s 21,054 water service connections 100% 
metered. Most potent factor in unacetd 
for water loss reduction from 43°) in '29 t 
18% in '42, impressive meter maint. program 
particularly testing, routine. Although de 
signed and constructed as precision instru 
ments, water meters naturally subject t 
deteriorating influences lessening accuracy 
Grit causes internal wear; water-borne chems 
and minerals induce corrosion and scale forma: 
tion; electrolysis may attack and _ threaten 
to disintegrate metal parts. Thus, even 
tually, meter may completely fail to register 
underflows of } gpm. or less, or at least 
greatly under-register them. As _ approx 
11-16% of household water consumption at 
t gpm. rate or less, accurate registration o 
all flow rates important. Ordinary toilet leak 
may run as high as 3} gpm. Calcg. amt. per 
hr., day or week gives interesting unregistered 
gallonage. Ordinary household meter ia 
service gives close registration 5-10 yr. with 
out removal. Essential for efficient water 
dept., however, to set up meter testing and 
reconditioning schedule to insure fair deg. 
accuracy in measuring water distr. without 
prohibitive costs in labor, materials, nev 
parts or instruments. Dept. also often uses 
calibrated tanks and rate-of-flow recording 
indicators. History of meter maint. and 
water rates relationship detailed, showing 
progressive lowering of latter. —Ralph E 
Noble. 
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Obstacles to Water Works Enterprise. 
Tuomas Epwin HAwks.ey. [Mr. Hawksley 
is Pres. of the Inst. of Water Engrs., a new 
Corporate Member of the Association.| 
veyor (Br.) 103: 263 (June 2, '44). Service 
of water supply struggles against two funda- 
mental handicaps: lack of ownership of water 
and lack of enthusiasm of those who have to 

pay for something essential to_life itself. In 
rd days mill owners strongest antagonists 
with whom it was rarely possible to agree on 
allocation of stream. Other antagonists are 
catchment boards, who have statutory duties 
to perform on slender resources, and fishery 
boards—most apprehensive bodies of all. 
Suggest that water undertakings approach 
fishery interests with large measure of sym- 
pathy instead of leaving them to dissipate 
their meager financial resources on contests in 
Parliament. Impounding of head waters 
destroys best spawning ground and suppresses 


natural freshets so fish will not run. Other 
less organized antagonists legion. Some 
caim right to preserve natural beauty. 


Others want to foul water they happen to be 
near. Mfr. pumps vast quants. from under- 
ground for process purposes and with him is 
owner of shallow well who dislikes even free 
piped supply as substitute. Coming of in- 
dustries caused growth of villages where water 
power and minerals available. Towns small 
when it became necessary to procure water 
from surrounding country century ago. No 
provision made for supplying area beyond 
town. Towns have utilized resources within 
easy reach and when rural areas want sup- 
plies they have to buy water in bulk from 
towns with all statutory limitations on se- 
curity of such bulk supplies. Reluctance to 
pay for service of water supply real factor in 
development of piped supplies and gives rise 
to attacks on companies because there are 
shares entitled to 10% dividend. But to 
look at this class of shares is misleading, 
If one takes whole of cash raised there is little 
to choose from between avg. rate paid for 
money and rate of interest paid for same sum 
on similar work.—H., E. Babbitt. 


Water Supply on a National Basis. ANON. 
Surveyor (Br.) 103: 101 (Mar.§3, °44). 
Planned control of country’s water supplies 
may be considered in two aspects—one in 
which main basis is provided by river system, 
while in other consideration must be given to 


all defects, anomalies and clashings of interest 
which exist, and to quals. of water and stds. 
of purity. In discussion in House of Com- 
mons Levy stated: No local authority or 
private undertaking was capable of providing 
adequate water supply and drainage unless 
matter was dealt with by govt. under natl. 
water plan. Hutchinson referred to lack of 
adequate mchy. to insure full use of existing 
resources. Miss Lloyd George contended 
that conditions in rural Britain are such as to 
indicate imperative necessity for national 
scheme of water supplies. R. C. Morrison 
Said confusion of policy had led to so great a 
fall in water levels in chalk that under London 
area it was 60 to 80’ lower than 20 yr. ago. 
First bill Minister of Health proposed to 
introduce would deal with water and sewer- ~ 
age. Existing arrangements, local and gen- 
eral, not regi irded as satisfactory, and knowl- : 
edge of river flow and underground water : 4 
insufficient. Comprehensive scheme essen- 
tially different from that in govt.’s immediate 
prewar bill.—H. E. Babbitt. 


NorMAN G. & Wtr. Eng. (Br.) 
47: 118 (Mar. '44). Inst. 

and British Water Works Assn. have set up 
committees to report on subject and is certain 
that Ministry of Health and Ministry of 
Town and Country Planning chewing cud of 
problem in their own way. In small towns — 
and rural dists. lamentable state of affairs 
often apparent. Root of trouble lies in small 
size of many undertakings. They cannot pay 
adequate staff; in fact, they hardly have staff. 
Small undertaking handicapped in another 
way for when new works required their cost 
appears totally disproportionate. Cure is to 
amalgamate smaller authorities into larger 
units. In a sense, water undertakings cen- 
trally controlled today by statute and by 
Ministry of Health, but important to realize 
difference between this type of control and 
that which aims at detailed admin. from 
center. Best size for water undertaking is 
largest, which can be completely controlled 
by one man. Pop. of about 300,000, where 
sufficiently dense, would be about ideal. 
Pop. of 50,000 might be considered minimum 
desirable. [American experience indicates 
that 50,000 pop. as a minimum for successful 
operation far too high.—Editor.| Local jeal-— 
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prevent most amalgamations. Some right of 
appeal necessary but unlikely that feeling 
would run very high over composition of 
boards especially if pill sweetened by financial 
relief from govt. Existing system of alloca- 
tion of resources by Parliament clumsy, but 
it has worked. Avg. water works man in 
country dist. intelligent, with initiative and 
common sense; let him know what should be 
done and why, and he will not require re- 
peated instructions. Objective is that every 
house in country shall be supplied with water. 
—H. E. Babbitt. 


The Institution of Water Engineers. Re- 
port of Committee on Postwar Planning. Wer. 
& Wtr. Eng. (Br.) 47: 187 (May '44). Gen- 


eral Considerations: Water must be obtained 
from sources at which it is and conveyed to 
centers of pop. requiring it. Water, unlike 
electricity, cannot be converted into any 
form more readily transmissible. Hence, 
National Water Grid not only impracticable 
but unnecessary. Availability of Sources of 
Supply: Existing and potential sources of 
supply ample for present pop. and also for 
any increase likely to occur. Greater knowl- 
edge of purif. of water renders it now feasible 
to utilize sources which few years ago would 
not have been practicable. Protection of 
Supplies: Supplies of statutory water works 
should forthwith be adequately protected by 
legislation as regards quant. and against 
poln. Statutory Authority: At present time 
various aspects of water supplies as whole 
controlled in England and Wales by Minis- 
tries of Health, Agriculture and Fisheries, 
War Transport, and Fuel and Power. We 
recommend permanent statutory authority, 
analogous in some respects to Electricity 
Comrs., should be set up. Development of 
New Areas for Housing and Industry: Sources 
of water supply can be prejudicially affected 
by development for bldg. purposes. Effects 
may be minimized if consideration given to 
reservation of more vulnerable areas. Co- 
ordination of Existing Water Works: We make 
no recommendation as to area which would 
constitute ideal water works. Best results 
will be obtained by water works themselves 
formulating own schemes. Whatever bound- 
ary problems arise thereon can only be solved 
satisfactorily by co-operation. Rural Water 
Supplies: Need for rural water supplies now 
recognized. Can be afforded in 3 ways: (a) 
from existing water works, (b) by parochial 
schemes and (c) by regional schemes. Paro- 
chial schemes often most economical of 


Vol. % 


initiating supply to small village but generally 
difficult to supervise, often insufficient jy 
drought years and incapable of expansion, 
Inland Water Survey: Duty should be placed 
on catchment boards to record and submit 
to central authority for publication flow of 
main rivers and tributaries within thei 
jurisdiction. Geological surveys and memoirs 
should be brought up to date and rainfalj 
maps completed. Standard of Fittings: Every 
effort should be made to return to good qual, 
fittings as early as possible after war. Re. 
search: Great need for research organization 
to cover all fields of water eng—H,. RB 
Babbitt. 


The Control of Water Resources. Secon 
Report of Committee on Postwar Planning. 
Wtr. & Wtr. Eng. (Br.) 47: 209 (May '44), 
Committee divided main part of their work 
into: (a) water resources and (b) distr, of 
water supplies to consumer. Publishing 3 
reports: (1) Underground Water (already 
published), (2) Control of Water Resources, 
and (3) Distribution of Water Supplies to 
Consumer (in preparation). In initial stage 
of development, i.e., early in 19th century, 
local resources generally sufficient. No longer 
adequate. Especially in its relation with 
water industry, Parliament has _ pursued 
policy of min. govt. interference. At present 
no govt. dept. or other body with specific 
duty of planning works of water supply, 
Sources of water supply that are relatively 
pure most valuable national resources. Legs 
desirable sources will ultimately have to be 
utilized. Necessary that these should be 
conserved also. Committee driven to con- 
clusion that water resources of this country 
should in future be regarded from national 
rather than local aspect. Water should be 
used in best interests of nation as a whole. 
Establishment of Central Water Authority 
recommended. Board of Public Water Sup- 
ply, which would have general jurisdiction 
over water supply industry, should also be 
established. Parliamentary control must re 
main. Committee recommends establishment 
of dist. bodies for each region or dist. into 
which it is proposed that country be divided, 
Expenses incurred by Central Water Author- 
ity should fall on Exchequer. Those of 
Board of Public Water Supply should be 
borne by water works of country. System 
of control proposed for England should be 
extended for Scotland and Northern Ireland 
to cover whole United Kingdom.—H. £. 
Babbitt. 
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Water Supply. ANon. Engineering (Br.) 
157: 311 (Apr. 21, '44). Question of water 
supply has not caused much concern during 
present century until low rainfall of '32-’33 
and prolonged drought of following year. 
These and similar factors, largely artificial in 
origin, combined to prepare way for campaign 
for constr. of “water grid,”’ analogous to 
electricity-supply grid. Appreciated that 
immense postwar housing schemes would 
involve problems of water supply on in- 
creased scale. Hence arose govt. inquiry 
summarized in White Paper on “A National 
Water Policy.’’ This consists of 2 sections— 
one outlining general policy and another deal- 
ing with aspects of problem in detail. Point 
emphasized in survey is that real problem not 
one of resources but of distr. Main pro- 
posals comprised in suggested national policy 
based on 3 principles. First, that there shall 
be adequate control of all services; second, 
that responsibility for domestic supplies 
shall rest with democratic bodies, and third, 
sectional interests shall be subordinated to 
national interests, but with right of: appeal 
to responsible minister of Parliament. Now 
proposed that central planning of water 
policy shall be function of ministers who shall 
base plans ‘fon information systematically 
collected and assessed, regarding water 
resources and needs.”” Central Advisory 
Water Committee for England and Wales, 
and corresponding body to be set up in 
Scotland, would be given powers and advise 
ministers. Work of Inland Water Survey to 
be “pressed with vigor.” Present powers 
and duties of local authorities would be re- 
tained but Minister of Health would be given 
addnl. powers. Should need arise, one under- 
taking would be compelled to give bulk 
supply to another. Undertakings would be 
enabled to take water from rivers and to 
acquire land compulsorily. Broadly con- 
sidered, proposed national policy appears to 
be sound enough in principle though obvious 
that to implement it on scale outlined may 
involve questions of expediency that may 
modify scheme in local detail—H. E. Babbitt. 


Postwar Water Supply. Anon. The En- 
gineer (Br.) 177: 328 (Apr. 28, '44). Even 
in those few cases where recommendations of 
Inst. of Water Engrs. not specifically men- 
tioned in White Paper, clear that proposal 
to give health ministers statutory duty of 
promoting provision of adequate water sup- 
plies and conservation of water resources 
together with central planning of water 


policy gives them power to effect recom- _ 
mended improvements. White Paper pro- _ 
posals clearly put forward now because re- __ 
organization of water supply will become 
essential factor toward realization of other | 
postwar plans. In view of govt.’s intention | 
to give encouragement to research, it may 
be hoped that research in several fields of 
water eng. will not be neglected.—H. E. 
Babbitt. 


Water Supply: Economic and Social In-— 
fluences. Detwyn G. Davies. Surveyor 
(Br.) 103: 247 (May 26, '44). Important — 
difference between plans for reconstr. after 
this war and those of last war. Then devas- 
tation from bombing non-existent, life of ; 
civilian pop. hardly disturbed, and grave 
conditions of occupied countries small. 
Expansion or decline of water works de- 
pendent on many factors, such as postwar 
std. of living and location of industry and — 
pop. In some areas foreign trade may be 
dominant factor; other areas may experience - 
new industries; while few may be undisturbed. 
Intensity of demand depends principally on: 
adequacy of supply, std. of living cost, qual. P 


and pressure, nature of industries, age and 
efficiency of water works, and size of com- 
munity served. If supply plentiful, un- | 
metered consumption high. Cost of distr. | 
network major part of total cost of water _ 
supply. Larger towns, such as Glasgow and _ 
Edinburgh, with less than 1 mi. per 1000 
persons, have more economical system than 
country areas with 8 mi. per 1000 persons. © 
Age of network affects consumption, for the 
older the system the greater the loss. Pres- — 
sure, however, more important factor. In 
home, high water pressure adds greatly to — 
consumption by permitting high delivery rate. _ 
Extent of consumption by industries con- | 
siderably greater than domestic demand. 
Modern tendency is toward more elaborate _ 
methods of indus. production involving 
widening variety of clean water demand. 
Beyond bare min. personal requirement of 
5 gpd. (Imp.), domestic demand governed by 
improved and increasing variety of house- 
hold equip., improvement in personal habits, 
and domestic gardens. One essential fea-— 
ture of high demand is that of hot water _ 
supply. Proposed rehousing of one-third of == 
Britain’s pop., in 4 million new homes, will ; 
require vast national increase in water — 
supplies. Many reasons given for great 
disparity in per capita consumption from 15 _ ; 
to 70 gpd. (Imp). Restriction in use of water 
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falls into 2 categories—voluntary and com- 
pulsory. Former has wrought remarkable 
reductions. Extravagant consumption can 
be reduced by metering. Water needs of 
agriculture probably greater than domestic 
and indus. demands combined. Dairy farm 
with 50 head of cattle has potential water 
demand of 2600 gpd. (Imp.). Absence of 
proper supply perhaps more serious to farmer 
than to town dweller.—H. E. Babbitt. 


Research in Water Engineering. C. A. 
BRADLEY. Surveyor (Br.) 103: 195 (Apr. 28, 
44). Need for organization to disseminate 
information bearing on water eng. and to 
maint. contact with work carried out abroad. 
Main sources through which new information 
of use of water engrs. made available listed 
under 5 headings: theoretical and scientific 
subjects; materials of use in water eng.; 
design and constr. of new eng. works; maint. 
and operation of water undertakings; and 
management of water undertakings. Two 


CANADIAN WATER 


An Analysis of Data on Canadian Water 
Works Systems. A. E. Berry. Eng. Cont. 
Rec. 57: 16: 42 (Apr. 19, '44). About 95% of 
urban pop. and 50% of total pop. supplied 
from public water systems, about 1300 
of 1647 urban communities having water 
supplies, mostly publicly owned. Surface 
water supplies predominate. 12 slow sand 
filter plants, 47 pressure plants and 70 rapid 
sand plants. Few pressure type plants built 
in recent years and pop. so served only 225,000, 
compared with 3,500,000 served by gravity 
mech. plants. Avg. cost of latter type plant 
is $11.34 per capita, $68,000 per mil.gal. de- 
signed capacity, or $159.20 per sq.ft. sand 
Chlorination almost universally prac- 
tised. In Ontario, over 80% of all water 
used for domestic purposes so treated. Water 
mains avg. 8.1’ per person served and avg. 
cost of 6” main, predominant size, $2.21 per 
ft. Avg. no. of services per mi. of main is 111 
and avg. no. of persons per service 4.2. In 
‘41, avg. hydrant maint. cost for 75 munici- 
palities $4.57 each. Fire protection charges 
usually based on no. of hydrants—in '40, such 
charges avgd. somewhat under $40 per year, 
but this includes no. of places where charges 
low and not in accord with services rendered. 
Fire protection charges avg. $307 per mi. of 
mains, 0.723¢ per in.-ft. of main, or 12% of 
total operating costs of water works systems. 
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main difficulties are provision of finance ang 
method of organization of research work 
under present constitution of water industry. 
Suggestions as to future developments made 
Proposals placed in order of anticipated ex. 
pense: (1) Formation of research board of 
leading water engrs. with representatives of 
mfrs. and existing research organizations, 
(2) Provision of research scholarships to 
finance students on water works problems. 
(3) Appointment of technical official with 
such staff as would be found necessary: (a) to 
organize research work, (b) to organize pub. 
lication of such work, (c) to prepare and 
publish abstracts of all British and foreign 
articles dealing: with water eng., (d) to have 
charge of library to be made available for 
water engrs., (e) to give lectures and organize 
refresher schools. (4) Formation of testing 
station to test new materials and processes, 
(5) Formation of research assn. with lab 
for exptl. research.—H. E. Babbitt. 


SUPPLIES—-GENERAL 


Avg. per capita value of water works systems 
is $47.84 and avg. per capita cost of supplying 
water $4.83, of which $1.97 is for debt charges 
— if debt-free systems excluded,$2.15.° Water 
cost per 1000 gal. pumped in majority of 
cases between 8¢ and 15¢—in 34 largest 
municipalities avg. is 13.75¢, in 2 largest 
11.7¢ and some as low as 3¢. Avg. cost for 
5-room houses assessed at $2,000 is $16 per 
vear for flat rate supplies and $14.45 for 
metered supplies.—R. E. Thompson. 


Water Situation in Southern Ontario. A 
F, Coventry. Civ. Eng. (Br.) 38: 51 (Mar 
43). All not well with water supply ¢ 
southern agric. Ontario. Recent investiga 
tions confirmed fears for stability of supply 
Mayall’s findings on water situation in King 
Township show township has had 200 mi. @ 
watercourses. 100 yr. ago all carried perma 
nent streams; now 80 to 85% becoming water 
Originally, 80% of township covered 
with mixed forest. At present, not more thas 
11% wooded and half of that grazed. Doug 
las reported that all 15 townships of Gre 
County suffered from seasonal shortage @ 
water. Underground reservoir in Durham 
County stands at lower level than in earlier 
days. Streams of Peel Plain region reveal 
conditions closely comparable to King Tow 
ship. In area considered, 67% of streams 
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and becomes worse on 
further anal. In lowland, 82% of streams 
il. Agric. plain now unable to maint. 
permanent stream. All these assignable to 
game cause—removal of too much of original 
ever. Floods and droughts not only evil 
of unbalanced water system. Coupled with 
them is soilerosion. Sheet erosion most wide- 
spread form. Most streams of Ontario dirty 
after rain. Gullying may also be destructive 
in sandy and gravel soil, as can be seen along 
shore of Lake Erie. No significant diminu- 
tion in annual rainfall. Now streams dis- 
appearing, largely in one annual spectacular 
splurge at time of spring floods. Conditions 
will almost certainly get worse as more cover 
removed from land and more land left open 
to attacks of wind and water. Reconstr. 
plans must be fully prepd. during war. 
[Treatment given reconstr. will play large part 
in detg. future of province.—H. E. Babbitt. 
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Brantford (Ont.) Plans Addition of Fluorine 
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to Water Supply. ANon. Eng. Cont. Rec. 
§7: 16: 58 (Apr. 19, '44). Report of Board 
of Health to Brantford City Council recom- 
mending addn. of 1 ppm. F to city water 
supply reproduced. Report points out that 
F is 20th most common element but that it is 
unevenly distributed. Brantford’s supply 
completely lacking in F. Where water con- 
tains 2 ppm. F or more, teeth stained. In 
Oakley, Idaho, water supply contained 6 
ppm. and incidence of dental fluorosis was 
100%. In '25, F-free supply substituted and 
survey 8 yr. later showed complete absence 
of dental fluorosis. Observers in various 
countries have noted that tooth decay less 
prevalent in dists. where dental fluorosis 
found. In England, Ainsworth found 12.9% 
decayed temporary teeth in areas of dental 
fluorosis and 43.3% in other dists. Dean 
has shown that there is little dental decay 
and only scattered cases of mottled enamel 
when drinking water contains 1 ppm. F. 
Chart included of 21 U.S. cities in which 
incidence of caries varies from 236 to 252 per 
100 children examd. in group with water 
supplies contg. >1.5 ppm. F to 556-1037 in 
group with F contents under 0.5 ppm. Board 
points out that sporadic mild dental fluorosis 
may occur if 1 ppm. F added to water supply, 
but this is not considered important as 
dentists can remedy this condition. City 
council approved recommendation. Letter 
from Wm. L. Hutton, Medical Officer of 
Health, points out that prelim. surveys have 
indicated that children with life-long residence 
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in Brantford have greater caries a = 
than children with non-continuous residence 
record. Surveys will be repeated every e. a 
—R. E. Thompson. 


Edmonton’s New Water Softening 
Filtration Plant. ANon. Can. Engr—Wtr. | 
& Sew. 82: 4: 17 (Apr. 44). Plans approved 
for new 15-mgd. plant on site adjoining 
present 10-mgd. filtration plant, which was 
recently modified to provide for softening. 
As in existing plant, softening will be effected 
by excess lime-soda-ash recarbonation process, — 
condenser water at approx. 62°F. from nearby _ 
munic. steam-elec. generating plant being 
available to prevent freezing and to maint. | 
water temp. favorable for effective softening __ 
at both plants. Citizens appreciation of soft ‘ 
water indicated by numerous complaints if 
hardness of delivered water exceeds normal 
range of 70-80 ppm. After addn. of lime, 
soda ash, alum, Cl and ammonium sulfate, — 

water will flow through primary flocculator 
and clarifier and, after first-stage carbonation, 
through secondary flocculator and clarifier. 
Each flocculator and clarifier will be arranged 
to operate as unit in single concrete tank. — 
After secondary recarbonation, water will 
flow through detention chambers to four 
44 36’ filters, arranged for backwashing in 
half units. Detention periods will be: floccu- 
lators, 45 min.; clarifiers, 2 hr.; detention 
basins, 4 hr. Post-chlorination will also be 
employed.—R. E. Thompson. 


Use of Activated Carbon. ANon. W.W. _ 
Exch.—Can. Sec. A.W.W.A. 6: A: 1,2, 

1( Feb. '44). Three tabulations of data frag 
use of activated C in Canadian 
municipalities in ’42. (1) C used, total cost 
and cost per mil.gal., water consumption, and — 
kind of C employed. On basis of total water 
consumption in municipalities listed (data 
for water treated not available), avg. C used — an 
was 4.13 Ib. per mil.gal., and avg. cost os. a1 = 
per mil.gal. Total C used 76,115 Ib. 
dosage on basis of total output, max., min. _ 
and avg. dosages per mil.gal. water treated, _ 
no. of days employed, and percentage of total — | 

water treated with C. On basis of water 
treated, avg. dosage ranged from 0.28 to 80 ‘a 
Ib. per mil.gal., and max. from 2.3 to 120. eas 

(3) Point of application, method of applica- ef 
tion, reason for use and results obtained. _ 
Chief reason for use, of course, to remove 
tastes and most municipalities reported suc- — 
cessful results.—R. E. Thompson. ; 
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Activated Carbon in Canadian Water 
Treatment Practice. A. E. Berry. Can. 
Engr.—Wtr. & Sew. 82: 4: 24 (Apr. °44). 
Statistics regarding use of activated C in 
Canadian water treatment plants compared 
with those presented by Sigworth for U.S. 
plants. In °42, 76,115 lb. used at 23 Cana- 
dian plants, avg. dosage on basis of total 
water consumption in municipalities con- 
cerned (not water treated) was 4.13 Ib. per 
mil.gal. (Imp.). Cost was 41¢ per mil.gal. 
consumed. Corresponding dosage for U.S. 
plants was 12.7 Ib. per mil.gal. (Imp.). 
Max. dosages reported: Canada, 120 Ib. per 
mil.gal. (Imp.); U.S., 456 Ib. per mil.gal. 
(U.S.). Evidently, quite high dosages may 
be required at times, but such periods usually 
of short duration and over-all cost of treat- 
ment moderate. Practice in general is to 
apply C as early as feasible in purif. process. 
Avg. per capita water consumption in Canada 
in ‘42 was 109 gpd. (Imp.)—R. E. Thompson. 


Weston (Ont.) Solves Taste Problems by 
Aeration. E. V. MANSER. Eng. Cont. Rec. 
57: 16: 48 (Apr. 19, ’44). Supply, derived 
from deep wells, of excellent bacteriol. 
qual. but contains Fe, CO: and H.3S, latter 
imparting objectionable taste. Compressed 
air introduced under pressure of 8 psi. through 
pipes fitted with diffuser plates in basin 12’ 
deep removes taste. Two new wells drilled 
recently and it is planned to soften this new 

. supply to zero hardness and thus reduce 
hardness of water delivered from 300 to 180 
ppm. Pop. supplied nearly 9300, including 
sections of townships of North York and 
Etobicoke.—R. E. Thompson. 


Montreal Has Unusual Larvae Problem. 
Joun H. HARrtncTon. Eng. Cont. Rec. 57: 
16: 56 (Apr. 19, '44). Chironomus larvae 
from 5-mi. raw water aqueduct have gained 
access to filters and occasionally burrow 
through into effluent. Treatment of filters 
with NaOH at rate of 2 Ib. per sq.ft. of sand 
surface afforded only temporary relief. Pre- 
chlorination at rate of about 5 ppm. would be 
required to control larvae. However, expts. 
have indicated that they perish in few hours 
in service mains under pressure. During 
"43, avg. of 0.74 ppm. Cl applied to effluent, 
residual after 10 min. contact being 0.20 ppm. 
Coliform contents per 100 ml.: raw water 750; 
filtered water 49; plant effluent 0.04; avg. of 
26 remote services 0.24.—R. E. Thompson. 


< AGT 


Vol. % 


Pumping at Steep Rock. ANon. Can 
Engr.—Wtr. & Sew. 82: 1: 17 (Jan. '44), 
Description of pumping plant constructed to 
lower level of Steep Rock Lake to permit 
stripping overburden from valuable iron or 
deposits. Part of lake to be unwatered has 
area of more than 4 sq.mi. and depth up to 
300’, contg. estd. 121 billion gal. of water. 
14 centrifugal pumps, each with capac. of 403 
mgd. at 55’ head, mounted on 7 steel barges, 
12 motors of induction type and 2, to be 
retained for permanent mine pumping plant, 
synchronous; all direct-connected and operat- 
ing at 600 rpm. Each pair arranged for 
parallel operation at heads up to 100’ and 
series operation at heads up to 200’. Suctions 
are 30”, tapered to 36”, and suction lift is 
6’8”. Discharge is through 24” Naylor 
spiral-welded pipe, with Dresser couplings 
to collecting basin from which water flows 
through tunnel into arm of lake separated by 
dams from area to be dewatered. More than 
6 mo. continuous operation will be required to 
lower lake level sufficiently to commence 
stripping operations. Level now receding at 
rate of about 7” daily. Pumping job alone 
will cost about $850,000, including purchase 
of pumps.—R. E. Thompson. 


Prestressed Concrete Water Tank for Con- 
naught Laboratories, University of Toronto, 
ANON. Can. Engr.—Wtr. & Sew. 82: 2: 21 
(Feb. '44). Water tank of prestressed design, 
completed in Dec. to supply lab. and farm 
connected therewith, has capac. of 200,000 
gal. Structure, built at ground level, has 
tapered walls 5-7” thick and surmounted by 
dome 2” thick. Principle of preload system 
of design outlined.—R. E. Thompson. 


Water Waste Survey for Quebec’s Gravity 
Supply. E.SHaw Coie. Can. Engr.—Wtr. 
& Sew. 82: 4: 22 (Apr. ’44). Water delivered 
to city by gravity from Lake St. Charles, 700 
acres in area and located 7 mi. north of city, 
through 3 transmission mains (40, 30 and 18”) 
discharging directly into 150 mi. of distr. 
mains or 30-mil.gal. storage reservoir. In 
43, avg. consumption by 150,000 pop. was 
35 mgd., equivalent to 230 gal. per capita. 
For no. of years, service to parts of distr. 
system curtailed by capac. of transmission 
mains, and war demands increased difficulty 
to extent that reservoir could not be filled. 
Accordingly, contract awarded for pitometer 
survey. Condition of transmission mains 
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found to be satisfactory. Distr. system 
divided into dists. and night flows detd., 
areas showing high night flows being examnd. 
for leaks with sound-intensifying instruments. 
When winter temporarily terminated work, 
6.14 mgd. of leakage had been discovered and 
about 5 mgd. repaired. In all, 119 leaks lo- 
cated: 2 joints in 12” mains allowed 0.5 and 
0.59 mgd., resp., to escape. Abandoned 
services found to be prolific source of leakage 
and several hydrants wasting in excess of 0.1 
mgd. Pressure increased 5-30 psi. in various 
parts of system and reservoir can now be filled 
easily. Consumption decreased 3 megd., 
other 2 mgd. probably representing increased 


consumption due to higher pressures and 
increased wastage from unrepaired leaks.— 


R. E. Thompson. 


Treatment of Two Water Systems Under 
Joint Administration. FE. H. VALENTINE. 
Can. Engr.—Wtr. & Sew. 82: 4: 26 (Apr. °44). 


HYDRAULICS 


Experimental Fluid Dynamics Applied to 
Engineering Practice. G. A. HANKINS. En- 
gineering (Br.) 157: 158, 177 (Feb. 25, Mar. 3, 
'{4). In dealing with exptl. problems in 
fluid dynamics basic principles of dynamical 
similarity and dimensional anal. of para- 
mount importance, since it is by application 
of these principles that expts. can be made 
on scale models and results transposed to 
full-scale prototypes. Main forces in fluid 
with which we are concerned: (1) inertia 
forces due to mass of fluid, (2) forces due to 
viscosity, (3) gravitational forces, and (4) 
compressibility or elasticity forces. If in- 
ertia forces only are concerned, requirement 
for dynamical similarity is that forces be 
proportional to mass times acceleration, but 
in large no. of cases which arise in practice 
both inertia forces and forces due to viscosity 


of fluid important. Dynamical similarity 
requires ratio of these two forces shall be 
const. or 
inertia fore e Vi 
= (Reynolds number) 
viscosity force 
= a constant 


where V = veloc.; / = linear dimension of 
system, u = viscosity, and p = mass density. 
Another requirement of dynamical similarity 


LITERATURE ag 1015 
Since '33, munic. affairs of city of North — 
Vancouver and dist. of North Vancouver ad-_ 

ministered by one commission, several depts., 
including water works, being operated by 
jointly employed supts. Water supplies de- | 
rived from streams having source in vast 
hinterland to north. Arrangements made to 
comply with order-in-council of fed. govt. 
requiring chlorination as wartime measures | 
described. City has pop. of about 11,500 


and water supply drawn chiefly from Lynn : 


Creek and from storage reservoir fed from 
same source. Two automatic visible vacuum 
chlorinators installed, attended only during 
night. Dist. largely residential and has pop. 
of about 8000. Water supply derived from 
several sources, two, Mosquito Creek of 
Kilmer Creek, being included in mandatory | 
order concerning chlorination. Two manual 
chlorinators installed for treatment of former 
and 2 automatic machines for latter.—R. E. 
Thompson. 


const. ratio between 
gravitational forces, or 


is inertia forces and 


= -=a constant 
gravitational force lw lg : 
p 
where w is weight density. Parameter _ 


—is Froude number, used in models of flow « | 
Vig 
of water over weirs and spillways. When 
velocs. in fluid motion exceed veloc. of sound 
in fluid dynamical similarity requires const. 
ratio between inertia forces and elasticity — 
forces, or 


inertia force V? a 
- = = = a constant 
elasticity force E a 

p 


4 


E 
modulus of elasticity and \Y— = 
p 


where 


veloc. of sound in fluid. Parameter - usu- 
ally known Mach number. Should be | 
same for model expt. and full-scale. Basic = 
principle of dimensional anal. is that if we _ 
have relationship connecting certain dimen- 
sions, two sides of equation, when expressed — a 


in terms of length, time and mass, must give - 
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identical powers of these 3 dimensions. Hagen-Poiseuille law, mg 
Thus, in flow of fluid through long, uniform, : eee 
horizontal pipe pressure gradient can be oP _ 32uV 
written al 
V7 (1) Law can be expressed in usual eng. form 
P = pressure, d = pipe diam., ¢ = unknown ei @ W\pVd) WR a 
function of quants. inside bracket. Dimen- 
sionally two sides of Eq. (1) must agree, hence from which it will be noted that friction coef, ¢ | 
»P \ is equal to 64 + R. Prandtl has been able a 
to show that, for smooth pipe, friction coef 
can be expressed: bou 
pV? am 
2d sm © - = 2 log (R VA —0.8) (8) | side 
Vd va mo' 
bu is Reynolds number for pipe flow. Im Von Karman has shown, in addn., that when o 
portant application of principles is detg. by frictional coef. independent of Reynolds liqu 
model expts. of forces acting on body moving number, exptl. results obtained On pipes | dea 
in straight line through fluid at const. speed. 4 tificially roughened by uniform sand grains 
This can be expressed by of various grades represented by I 
D vi ve vp = 7.4 (g) | Dis 
nee dep 
p P p in which ¢ is radius of pipe and & is height of | for 


= ¢(shape, Kk, F, M) (3) sand grains. In detg. whether pipe must be} var 
considered smooth or rough, effective thick-} whi 
where D is resistance directly opposing mo- ness of viscous wall layer is of interest.| alls 


tion, R = Reynolds number, F = Froude An approx. idea is indicated by exc 
number, 17 = Mach number, and D + }pV? adr 
is non-dimensional resistance coef. As result thickness of viecous lavet @ 33d (10) | fast 
of expts. carried out by Tower nearly 60 yr. j Rw tior 
ago and subsequent interpretation of his spit 


results in light of hydrodynamic theory by _ It cannot be said that modern ideas on pipe} sect 
Reynolds, engrs. have known for many years flow resistance have reached stage in which] the 
way in which oil film in lubricated bearing they are generally applied in eng. design,} at ¢ 
able to support imposed loads. If f = coef. Exptl. and theoretical work which has prof It 

friction of bearing, apparent that variables vided rational understanding of effect of D = 
likely to be important are size, which may be _ surface roughness in pipe flow has had im ft. ; 
represented by diam. D; speed of rotation N; portant application in aircraft design, and be « 
load per unit projected area P; and viscosity in design of buildings and structures wherffof f 
of oil Z. Hence, f = @(D, N, P,Z). Correct necessary to make provision for winds. Inf dep 


dimensional equation becomes water flow between boundaries and with fre 
surface, controlling forces are inertia, gravity} R 
f= (=) and viscosity. Complete dynamical simi] Wat 
larity requires same Froude and Reynolds Bur 
* haga . ah numbers in model and prototype, in addn. tof air 
in which ZN + P is non-dimensional param- geometrical similarity. This is not prac bey 


eter. Uniform laminar flow in horizontal ticable when water is used in both systems§ flow 
pipe provides one case in which resistance to and many water-flow models operated on hyd 
flow can be detd. directly by equating pres- const. Froude-number basis, care being takenf inve 
sure drop per unit length to viscous shear _ that velocs. in model system sufficiently highf jum 
forces across pipe and assuming zero veloc. to produce fully turbulent flow. Editoria} hyd 
: at pipe wall. Result is usually known as discussion Ibid. 158: 171 (Mar. 3, "4 
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) | esistance of ships upper works, 


One of most _ features, implicit in 
scope of Dr. Hankins’s paper, is great range 
of eng. activity in which fluid dynamics 
plays important part. Same lines of thought 
js govern application of results obtained from 
ysts of ship models serve also for studyi ing 
sistance to flow in pipes and channels, air 
or wind 
rces On a structure, or correlating behavior 
aL lubricated journal bearings. Much has 
een discovered regarding quant. influences of 
oughness of surfaces by which flowing fluids 
pounded. Increased speeds of flight also 
ymong factors instrumental in bringing rough- 
yess effects into foreground of scientific con- 
sideration. Since behavior of fluids in 
motion so intimately bound up with their 
phys. properties, engrs. can with advantage 
make themselves better acquainted with 
liquids and gases with which they have to 
deal—H. E. Babbitt. 


Discharge of Pipes Flowing Partly Full. 
CarL RoHWER. Civ. Eng. 13: 488 (Oct. ’43). 


C) Discharge of pipes flowing partly full does 


not follow smooth variation in relation to 
depth. Pronounced break in discharge curve 
for depths greater than half diam. Flow then 
variable and depends on conditions nature of 
which not definitely detd. Discharge gener- 
ally increased at much slower rate after depth 
exceeded about half diam. of pipe. When air 
admitted into pipe, discharge increases much 
faster than prolongation of straight-line por- 
tion of logarithmic plot would indicate, in 
spite of fact that rate of increase of cross- 
section of water in pipe becoming slower at 
these depths. General formula for discharge 
at depths less than half can readily be detd. 
It becomes: Q = 790D°®77!- in which 
D = diam. of pipe in in., and H = depth in 
ft. at outlet. High deg. of accuracy cannot 
be expected from this method because errors 
f from 0.01 to 0.02’ possible in measuring 
depth.—H. E. Babbitt. 


Removal of Air From Pipelines by Flowing 
Water. A. A. KALINSKE & Percy UH. 
Buss. Civ. Eng. 13: 480 (Oct. '43). When 
air pocket formed at summit of pipeline or 
beyond partly open gate valve, conduit 
flows only partly full and at end of pocket 
hydr. jump usually occurs. First phase of 
investigation concerned with ability of hydr. 
jump to entrain air. Agitation present in 
hydr. jump caused water to entrain air and 


rate at whic h air anal removed Pca 
pipe depended on ability of water flowing in- 
pipe beyond jump to carry air bubbles along. 
Except for higher water flows jump pumped _ 
air into water at higher rate than flow beyond 
jump could handle. Excess air then blew 
periodically through jump. 
that ratio of volumetric rate of air removal, 
Qa, to water discharge Qw, i.e., Qa/Qw, should 
be related to pipe slope, S, and a dimension- 
less quant. defined as Qu*/gD® where D is — 
pipe diam. For iower discharges, air re- 
moval controlled by flow characteristics — 
beyond jump, described by value of Q,?/gD*. 
At higher discharges air removal controlled | 
by hydr. jump since water flow beyond jump_ 
capable of carrying all air entrained by jump 
and more if available. When this occurred, 
found that Qa/Qy became function of Froude 
no. of approaching flow, since this no. charac- 
terizes ability of jump to entrain air. Froude 
no. defined as V,2/ghi where V; is veloc. 
approaching jump and h; is mean effective 
depth (water area divided by surface width). 
To start air bubble movement down sloping 
pipe, water flow needs be such that hydr. — 
gradient very much less than pipe slope.— 
H. E. Babbitt. 


Flow of Water Through Pipes and Open . 
Channels. J. ALLEN. Surveyor (Br.) 102: 
199 (May 7, ’43). Author discusses Niku- 
radse’s results which indicate that, with lam- 
inar flow, roughness has no appreciable effect. 
Friction coef., f, tends to become const. at 
high Reynold’s numbers. Colebrooke and 
White exptd. with 5 grades of surfaces. Au- 
thor discusses 4 cases mathematically, pre-_ 
senting graphs for f plotted against Reynolds — 
number (R) and log R; calcs. value of ‘‘square | 
law f” corresponding to pipe uniformly cov- 
ered with grains of given size; and quotes 
Colebrooke’s observation that “attempt to ex- 
press mathematically transition function for 
uniform sand roughness difficult.” Author 
found his open-channel tests agreed closely 
with Bazin’s law of variation of C with m, and 
presents comparison in table. Detailed anal. } 
of Bazin and Manning formulas leads tocon- | 
clusion that over wide range of conditions, law 
connecting Chezy’s C with hydr. mean depth 
essentially of same nature as that wa a 4 
plies to rough eee pipes.- 4 


Babbitt. 
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Profile Curves for Open-Channel Flow. 


Dwicut F. Gunper. Proc. A.S.C.E. 68: 
535, 1247, 1413, 1646 (Apr., Sept., Oct., Nov. 
’42) (Abstracted, Jour. A.W.W.A. 35: 368 
Author's Closure. Ibid. 69: 297 (Feb. 
Acknowledgment of error in paper: 
Point of inflection for Bazin and Ganguillet- 
Kutter relations by straightforward, but ex- 
tremely tedious, method of detg. point of in- 
flection located by finding d*y/dx? and solving 
this equation by approximation. In so doing 
serious error of computation committed. 
Second of conclusions should be written: (2) 
Use of differential equation of gradually varied 
flow at depths below both normal and critical 
depths should be made with reservations until 
more exptl. work done in this region of high- 
veloc. flow. Seems that further refinement in 
anal. should await addnl. exptl. data relative 
to various roughness factors and to profile 
curves themselves.—H. E. Babbitt. 


Flow Characteristics of Rectangular Open- 
Channel Junctions. Epwarp H. TAyLor. 
Proc. A.S.C.E. 68: 1521 (Nov. °42). (Adb- 
stracted, Jour. A.W.W.A. 35: 367 (’43).) 
Discussion. Ibid. 69: 905 (June '43). Some 
of author's hypotheses not confirmed by expts. 
Plan of attack may require some modification. 
Necessary to assume y; and v; below junction 
of converging streams, establishing relation: 
E; = ys + H?g in which E is total energy in 
part of stream indicated by subscript. Pro- 
posed method of attack-may not be solution, 
but accts. more nearly for forces acting on 
streams. Jbid. 69: 1154 (Sept. ’43). G. H. 
Hickox: Similar problem exists in pipe flow 
where several attempts made to predict 
discharge through orifices of irrigation sprink- 
ler systems. Author's derivation of Eq. 3 
from Eq. 1 of somewhat doubtful validity. 
At junction, flow not parallel to wall, but 
curved. This curvature of flow will modify 
assumptions. Assumptions regarding pres- 
sure might well have been verified experi- 
mentally. J.C. STEVENS: 17 yr. ago writer’s 
short article assumed that pressure in each 
intersecting conduit would merge into com- 
mon value at intersection. Momentum and 
energy relations based on mean _ velocs. 
Formula followed purporting to give theo- 
retical energy losses when n pipes of varying 
sizes join at common junction at varying 
angles from which water flowed away in 
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main. These formulas give approx, reg 
and illustrate danger of simplifying assum 
tions if accuracy important. Taylor assum 
that depth in branch remained const. to wal 
main and was also equal to depth in maj 
above junction. Both incorrect. Flow 
open-channel intersections and in interseegj 
pipes contain too many complexities y 
more can be learned about how 2 stregg 
mingle. J. Posey: Should be emphasiga 
that data and conclusions of this paper are f 
flow deeper than critical throughout. Dag 
presented by author justify assumption thy 
depths in intersecting channels substantig 
same, with division, in case of dividing flo 
depending chiefly upon backwater characte 
istics of 2 branch channels.—H. E. Babbit. 


Viscosity and Surface Tension Effects , 
V-Notch Weir Coefficients. ARNo T. Lenz 
Proc. A.S.C.E. 68: 351 (Mar. '42). (4g 
stracted, Jour. A.W.W.A. 34: 1473 ('42), 
Discussion. Ibid. 69: 163 (Jan. '43). GH 
Hickox: In past, effects of viscosity and sup 
face tension almost totally neglected. Useg 
V-notch weirs as measuring devices need ng 
be confined solely to fluids of low viscosity 
such as water or lubricating oils. Effects 
viscosity and surface tension on V-notch wei 
paralleled more or less closely by effects ¢ 
small ogee weirs. Comparison of measuref 
discharges over eastern dam with model test 
showed prototype coefs. smaller than those g 
model. Seems likely that neglected effects ¢ 
viscosity and surface tension in small mode 
would be found to be responsible.—H, & 
Babbitt. 


Submergence Effect on Sharp-Creste 
Weirs. JOHN K. VENNARD & Roy F. WEsT90} 
Eng. News-Rec. 130: 814 (June 3, ’43). Pri 
ciples of similarity used in anal. of tests 
Francis, Fteley-Stearns, Bazin, Cox and Co 
Shown that all available data approach mi 
curve which characterizes effect of subme 
ence on sharp-crested suppressed, contractet 
and Cipoletti weirs for large values of P/H 
where P height of weir and H; upstream head 
above weir crest. Reliability and wide apy 
cation of such curve obvious from numero 
and varied tests from which prepd. Use 
avoid lengthy weir formulas should prov 
convenient.—R. E. Thompson. 
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